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The Relationship between the Structural Geometry 
of a Textile Fabric and Its Physical Properties’ 


Part V. The Interaction of Twist and Twill Direction 
as Related to Fabric Structure’ 


Stanley Backer’, John Zimmerman‘, and Harry W. Best-Gordon*® 


Abstract 


This report examines the influence of the interaction between twist and twill direc- 


tions in woven cloth. 


Consideration is given to the phenomena of nesting between 
warp and filling yarns, as affected by the local helix angles of bent yarns. 


Lateral dis- 


placement of yarn segments is shown to follow from the asymmetric yarn pressures 


along the twill line. 
and the local yarn twist. 


The effect of this displacement is to alter both the nesting angle 
Changes in felting shrinkage, twill prominence, and yarn 


pull-out resistance occur with nesting and local tightening of yarn structure, and hence 


with selected combinations of twist and twill directions. 


Observations of the effect of 


twist-twill relationships are reported for worsted, rayon, and cotton fabrics. 


1. Introduction 


It has often been noted in textile literature that 
the compactness of a woven fabric is affected by the 
relative direction of its warp and filling yarn twist 
[1, 9, 15]. The compactness, in turn, affects the ap- 
pearance of the material, its hand, air permeability, 
and flexibility. 


The more compact the fabric struc- 


1 This paper, issued as Quartermaster Textile Series Re- 
port No. 89, was presented at a meeting of the Fiber Society 
in Charlottesville, Va., on May 6, 1954. 

2 Part I appeared in the November 1948, issue. Parts II, 
III, and IV appeared in the July, September, and October, 
1951, issues, respectively. 

3 Associate Professor of Mechanical Engineering, Textile 
Division, Massachusetts Institute of Technology. 

4 Textile Technologist, Textile Engineering Laboratory, 
Quartermaster Research and Development Command, Natick, 
Mass. 


5 Research Chemist, Courtaulds Ltd., Manchester, England. 
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ture, the less will be the freedom of movement of its 
fibers and yarns and, consequently, the less will be 
the tendency toward felting [10]. 

The effect of relative twist directions on fabric 
structure has been ascribed to the bedding tendency 
at yarn intersections of the bottom fibers of the raised 
Such 


bedding serves both to increase the surface of con- 


yarn and the topmost fibers of the lower yarn. 


tact between the two yarn systems and to lock the 
yarn intersections at their point of contact. 

Recently, quantitative data have been reported on 
the effect of bedding on the air permeability and felt 
ing tendency of woolen cloth [6]. These data con- 
firm the pronounced effect that relative twist direc- 
tions of warp and filling may have on cloth structure. 
3ut the subject of yarn bedding is, for the most part, 


still treated as an item of obscure and secondary im- 





88 
portance. And this is understandable, since bedding 
occurs as a measurable phenomenon only under 
special conditions of yarn and fabric structure. 
Textile texts and handbooks [4, 9, 12, 16, 17] 
point out that the direction of twist relative to the 
twili line has a direct influence on the prominence of 
the twill. It has been further shown that the rela- 
tionship between twist and twill directions plays 
an important role in the shrinkage of certain fabrics 
[5, 10]. It would appear that the twist-twill com- 
bination which is utilized for improved twill appear- 
ance is detrimental to the serviceability of woven 
cloths. The underlying mechanisms of this inter- 
Further, 
the simple explanation so often given for yarn bed- 


action have not hitherto been proposed. 


ding as affected by relative twist directions is open 
to serious question [3, 7]. It is the intent of this 
report to analyze the factors which foster yarn bed- 
ding, twill prominence, and fabric compactness and 
which have direct influence on fabric behavior. 


2. Twist Direction and Magnitude 


Relative yarn twist directions are usually pictured 
by the S and Z symbols. The direction of fiber in- 
clination in a given twist depends on its location, i.e., 
whether it is at the top or bottom of the yarn. Local 
inclination directions are represented in Chart 1. 

For the most effective bedding to take place at 
yarn intersections, the contact fibers must coincide 
in direction, a condition which will follow when either 
S or Z twist is present in both warp and filling 
3, &, 25h. 
the warp bottom with the filling top and vice versa 
in Chart 1. 

Although the magnitude of the helix angle is not 
accounted for in the above pictorial representation of 
bedding, it is assumed implicitly that the fibers lie 
at an angle of approximately 45 


This can be observed when one matches 


to the yarn axis. 
If the helix angle were zero or near zero, bedding 
would not occur regardless of twist 

Likewise, if helix angles approaching 90 
nesting could not take place. In addition, the dense 
packing of a highly twisted yarn would also prevent 
bedding. It is of interest then to consider the ac- 
tual surface helix angles of yarns used in practical 
fabrics. 


directions. 
existed, 


These angles will depend on the use to 
which the yarn is put, and in the case of staple fibers 
they are dependent to a degree on the length of the 
fibers. Standard references [12, 16] furnish typical 
values of twist multipliers F for cotton, worsted, and 
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Chart 1. Fiber Inclination 


Top Bottom 


Warp 


Z Twist 


S Twist 


Filling 
Z Twist 


S Twist 


woolen yarns, such as are listed in Table I. Recall 
that the turns per inch of twist equal the product of 
the twist multiplier and the square root of the yarn 
count. The pertinent geometric relationships [13] 
used in calculating the helix angles in various yarns 
follow. 


tan dy = wdT 


KVN 


rr 


T = FVN 


1/d 


tan do 7 ENN = ef 

KwvN K 
Here a, is the helix angle of the outside fiber in 
the straight yarn, ie., the angle the outside fiber 
makes withthe yarn axis; d is the yarn diameter in 
inches; T is the twist, expressed in turns per inch; 
N is the yarn count, i.e., the number of 840-yd. 
hanks per Ib in the cotton system, of 560-yd. hanks in 
the worsted system, and of 300-yd. hanks in the 
woolen (cut) system; K is a constant equal to 28 for 
cotton, 22.8 for worsted, and 15.4 for woolens (cut) ; 

and F is the twist multiplier. 
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The computed values of the outside helix angle of 
soft, normal, and hard yarns based upon recom- 
mended [12, 16] twist multipliers are listed under 
a, in Table I. With the exception of the hard yarns 
(where less bedding is to be expected because of the 
more dense structure) it is seen that the helix angles 


fall below 30°. 


of which have outside helix angles of 30°, lie per- 


It follows that when two yarns, each 


pendicular to each other, the nesting angle (between 
top and bottom fibers in contact) is 30° instead of 
the desired 0°. Similarly, it can be shown that for 
helix angles of 15° the nesting angle will be 60°. 
Nesting angles of this magnitude will hardly pro- 
mote the significant bedding effect reported in stud- 
ies of fabric structure [7]. One must therefore con- 
sider the geometric basis for these calculations of 
helix angles and their resultant nesting directions 
[3]. 

When a yarn is subjected to bending, the local 
helix angles of the outside fibers are not constant 
around the yarn. Instead, larger local helix angles 
occur at the innermost point of the bend, while 
This 
is clearly illustrated in cross sections taken of steel 


smaller angles occur at the outermost point. 


cable where the local helix angle is reflected in the 
ellipticity of the wire section [14]. The extent of 
this change in local helix angles has been determined 
analytically. The general expression for the local 
helix angle of the outside fiber of a singles yarn 


which lies in a ply has been shown to be [14] 


ay + acos Q 


tan dy), : 
r cosec 0 — asin Qcos $ 


(5) 
where a is the radius of the singles yarn; r is the ply- 
yarn helix radius; Q is the helix angle of the ply- 
yarn; ¢ is the position angle of the fiber in the singles 
yarn (¢ = 0 refers to the inside of the singles bend; 
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¢@ = x/2 refers to the midpoint or neutral axis of the 
bend, and ¢ = =z refers to the outside of the bend) ; 
A is the ratio of fiber turns about the singles-yarn 
axis to singles-yarn turns about the ply-yarn axis 
in a given length. 

If a singles yarn is bent in a plane to form a torus, 
the condition of the warp yarn bending over filling 
may be duplicated. The above expression becomes 
considerably simplified, for the ply-yarn helix angle 
QO is now 7/2, and the radius r becomes the torus 
radius, i.e., a, + ay [reference 2]. Our interest is 
further centered on the inner point of the bend at 
which contact between fibers of the warp and filling 
at @ 0. 


systems will take place, i.e., The local helix 


angle at the point ¢ = 0 is 
ar 


tan dp (6) 
r—a (ry/a) — 1 


If warp and filling yarns have the same diameter, 


r/a equals 2 and 


tan dp (7) 


3y relating the number of fiber turns in a length of 
yarn formed into a torus where r = 2a to the number 
of turns of the yarn (in this case 1), one obtains a 
simplified expression for A(T is the average turns per 
inch). 


r 2arl 


XN = 4ndv,¢T = 21d, 


where dy, ; is the diameter of warp or filling. 


Combining Equations 4 and 8, we obtain 


tana = (2r7T)/(KvN) (when @ 0) (9) 


and with Equations 3 and 9 we have 


tan a, = (24rF)/K (when @ 0) (10) 





TABLE I. Values of a» and a, for Various Yarns * 


Cotton 


Degrees 
Type of yarn Ft ao 


Soft d 19 
Normal filling i 22 
Normal warp wee 28 
Medium hard 

Hard 


Worsted Woolen (cut) 


Degrees Degrees 


ao ) Ft 


13 : 1.54 
18 : 1.98 
23 2.42 45 
30 2.86 : 49 
36 S 3.30 54 


* ao is the helix angle of the outside fiber in the straight yarn; a, is the local helix angle at the inside of the yarn bend 


+ F is the twist multiplier. 





90 


which expression is used for calculating a», that is, 
the local helix angle at ¢ = 0. The results of these 
calculations are listed in Table I, and it is seen that 
many of the “straight-yarn” helix angles are nearly 
doubled at the inside of the bend. If nesting angles 
y are now calculated from the relationship 


y = 


normal warp and filling yarns should bed at 18 
worsted, 6 


90 — Aw — ay 


(11) 


for 
Note 
that the nesting angle for opposite twist directions in 
warp and filling is always very close to 90°. 


for woolens, and 5° for cottons. 
Calcu- 
lations based on straight-yarn helix angles in the 
above cases (same twist directions warp and filling ) 
would have indicated nesting angles of 49, 41, and 
40°. The nesting angles for medium hard and hard 
warp, when interlaced with normal filling, are 9 and 
2° for worsted yarns, respectively, and 2 and — 3 
for woolen yarns. It is possible that negative nesting 
angles will occur with very high twists, but their ef- 


fect on nesting is overshadowed by the accompany- 


ing hardness and density of such yarns. The sig- 
nificance of the nesting angle at the point of contact 
is therefore limited to the case of softer lower twist 
yarns. 

The analysis and computations carried to this point 
are in agreement with the general observations that 
commercial yarn twists will permit bedding if warp 
and filling twist directions are the same and prevent 
bedding if their twist directions are opposite. 

It is not likely that the actual difference between 
a, and a, will be as large as calculated in Table I. 
If yarn flattening does not occur during bending, the 
change in local helix angles at the top and bottom of 
the yarn crown will be significant. To illustrate the 
magnitude of this change, we have photographed a 
strand used in the manufacture of rope, in both the 


straight and bent configuration. Strand flattening is 


Fig. 1. 
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prevented by introduction of lateral supports during 
bending. In Figure la the plan view of the straight 
strand is shown with an ink line marked on the sur- 
face in the axial direction. In Figure 1b an outside 
view of the bent strand (corresponding to the crown 
of a bent yarn) is presented, and here a decrease in 
the local helix angle may be seen. One also notes 
that considerable movement has taken place between 
components of the strand, for the ink marks which 
overlapped in Figure la are widely separated in Fig- 
ure 1b. The magnitude of this movement has been 
calculated in a previous paper [2]. Similar rela- 
tive movement between the strand components is ob- 
served in Figure lc representing the view of the in- 
ner surface of the bend. In Figure lc, however, the 
local helix angle greatly exceeds the local helix angle 
of the straight strand of Figure la. 

In many fabric structures the yarns will not be as 
tightly packed or as laterally restrained as the strand 
pictured in Figure 1, and considerable flattening at 
yarn intersections will take place. As been 
pointed out in an earlier study, yarn bending radii 
will vary as the cube of the degree of flattening [2], 
and accordingly the local helix angle of contact will 


has 


be highly sensitive to’ flattening at the yarn inter- 
sections. From conclude 


that the helix angles listed in Table I represent the 


these considerations we 
extremes which encompass the range of conditions 
from no flattening (a,) to considerable yarn flatten- 
ing (a,). It is reasonable to expect that the local 
contact helix angle in most fabrics will lie below the 
45° level which promotes optimum bedding. 


3. Earlier Observations of the Twist-Twill Effect 


It remains now to consider other factors which will 
influence bedding tendencies in a woven structure. 
One such factor has been pointed out in a study of 


felting in rayon cloths [5, 10]. Here it was stated 


The change in local helix angles caused by yarn bending; a, The straight yarn; b, Outside of the bend; c, Inside 


of the bend. 
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that in spun rayon fabrics, fibers roughened up by 


the friction of vigorous washing can mat together in 
a manner similar to the felting of wool. The suscep- 
tibility of the fabrics studied to felting was observed 
to be affected by “the relationship between the di- 
rection of the twill line in twill and satin fabrics and 
When 
the small letters s and z are used to indicate the di- 
rections of twist and the large letters S and Z are 
used to denote twill direction, the combinations of 


the direction of twist of warp and weft yarns.” 


twill and twist which are favorable and unfavorable 
to felting can be represented as shown in Chart 2. 

It is essential that the S and Z twill designation be 
explained in detail if the observations summarized 
in Chart 2 are to be fully understood. In general the 
twill line considered on each side of the fabric is 
taken as that formed by the predominant floats on 
that side of the cloth. Each fabric is given a warp 
twill direction as seen from the warp-flush side and 
a filling twill direction as seen from the filling-flush 
side. Twill directions are designated as S or Z de- 
pending on whether the face-flush-yarn twill line in- 
clines as does the stem of the letter S or the stem of 
the letter Z, as seen from the side of the fabric on 
which the twill appears, with selvedges running north 
and south. 

For some weaves it is adequate to give a single 
This follows from the 
fact that the twill line on both face and reverse of 


twill-direction designation. 
these weaves has the same direction. Included in 
this group are 5-, 7- , 9- , and 10-end satin and sateen 
weaves. 

Other weaves require a double designation since 
the twill direction is different, face and back. When 
an 8-end satin weave or a number of ordinary twills 
(e.g., (2/1)ir or (3/1)1,) manifest a Z warp twill, 
reversal of these fabrics will show an S weft twill. 

The checkerboard patterned rayon fabric which 
evidenced such pronounced differences in felting [5, 
10] with changes in twill direction was a 5-end satin 
weave constructed of viscose staple warp 21.4’s 
equivalent cotton count (12.4 t.p.i., Z twist) and 
continuous filament weft, 300 denier (2.4 t.p.i., S 
twist). That portion of the pattern which manifested 
a Z twill for both face and back of the fabric was 
therefore represented by “parallel” symbols 5 and 1 
in Chart 2 and was observed to be unfavorable to 
felting. That portion of the pattern which was an $ 
twill for both therefore indicated by 
“crossed” symbols 4 and 8 and was observed to felt 
markedly in the (spun) warp direction. 


faces was 


Chart 2. Combinations of Twill and Twist 


Unfavorable to felting Favorable to felting 


es 2 


e$ 78 


One notes that symbols 1, 2, 5, and 6 in Chart 2 
represent a “parallel” alignment of twill and twist 
direction which appears to promote a structural con- 
figuration unfavorable to felting. On the other hand, 
symbols 3, 4, 7, and 8 denote a “crossed” alignment 
of twill and twist direction which was observed to 
promote felting. 

There is some question as to interpretation of 
Chart 2 if the warp twist-twill direction were crossed 
and the weft twist-twill direction were parallel. This 
would imply significant felting in the warp and little 
felting in the weft. If the 
fabric had been constructed 


5-end satin 
Z twist in both 
condition would have 
been the result; in the Z twill portion symbols 3 and 


5 would apply, and in the S twill portion symbols 2 


reference 
with 
weft, the mixed 


warp and 


and 8 would apply. 

If the fabric in question had been woven with Z 
twist warp and S twist weft in an 8-end satin, the 
problem of the mixed designation would again arise. 
An example of this appears in the model of Figure 5 
where the 8-end satin face shows a Z warp twill and 
the reverse side forms a S weft twill. If woven with 
Z twist warp and S twist weft, this structure would 
be designated by means of symbols 5 (parallel) and 
4 (crossed) of Chart 2. 

Actually, it makes little difference which of the 
The fact certain 
combinations of twist and twill directions appear to 


symbols one uses. remains that 


promote felting while others restrict it. Physical or 
analytical reasons have not been proposed for this 
empirical finding. For that matter, the quantity of 
experimental evidence reported is limited. The 
writers will attempt here to develop the physical 
basis for the observed relationships. They will fur- 
ther report on a series of tests designed to check the 
generality of predictions based on their physical 
reasoning. 
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4. Lateral Yarn Displacement and Nesting 


It has been pointed out that nesting angles are 
dependent on local helix angles and on intersection 
angles (between warp and filling “wave” planes). 
In the previous calculations the intersection angle 
has been considered to be constant, i.e., 90 How- 
ever, in many fabrics departure of the warp or 
filling floats from their wave planes is noted. 
result, intersection angles differ from 90 


As a 
and must 
be taken into account by substitution in Equation 11 
of the actual intersection angle B in place of 90°. 
The angle 8 is measured in the same quadrant as 
@y~ and a,,. Computations for opposite warp and 
filling twists are omitted since bedding cannot occur 
in such cases. 

Consider the case of a warp yarn in a twill weave 
of medium cover factor. Transverse shifting of this 
yarn will take place with application of transverse 
forces, i.e., forces acting in a direction perpendicular 
Such forces 
result from bending of the weft and from local 


to the crimp wave plane of the warp. 


crowding caused by the weft as it rises or falls in 
the weave pattern. This crowding causes local devia- 
tion of the warp yarn from its wave plane, as is evi- 
denced by the nonuniform spacing of ‘warp yarns 
viewed in a cross-sectional photomicrograph of a 
twill structure. A typical cross-sectional view of 
such a fabric is sketched in Figure 2, and the general 
direction of forces acting on the warp is indicated 
4/1 S twill is 


sketched in Figure 3; here one observes the trans- 


diagrammatically. The case of a 
verse movement of the yarn through a distance arbi- 
These local 
movements in the plane of the fabric (but out of the 
wave plane of the yarn) take place at all points of 


trarily selected as 1/2 the yarn spacing. 


weft bending and crowding along the yarn length 
and result in the zig-zag warp path shown in the 
diagram. The filling, of course, undergoes similar 


distortion to that of the warp. Of importance in the 


0000 6 COCO 
AAA RA HA RK 


Fig. 2. 


Forces on warp yarns due to crowding at 
filling rises. 


xe? 


DEVIATION IN 
CENTER LINE 
OF WARP © 


Sw eee ee 


DEVIATION IN CENTER 
LINE OF FILLING 5 


Fig. 3. Effect of transverse crowding on path of yarns in a 


4/1 S twill (top view). 


diagram is the direction of rotation of each segment 
of warp and filling yarn, for this rotation affects the 
intersection angle of the yarns and therefore influ- 
ences the nesting angle and the degree of bedding. 

It is possible to use the diagram of Figure 3 and 
the designated warp C and filling 5 to determine the 
sense of rotation of both warp and filling at every 
intersection in a repeat of a twill weave. The mag- 
nitude of this rotation is not easily determined, for 
it depends on the degree of crowding of the yarns and 
upon their mechanical properties. This section will 
be limited to consideration of the sense of rotation, 
and the question of magnitude will be left for future 
empirical studies of various fabric structures. An 
illustration of the use of Figure 3 follows. 

Consider the sense of rotation of warp and filling 
at intersection C5. Move to the right along filling 5 
to the top view of the deviation in the center line of 
warp C. Here, it is seen, the local segment of warp 
Start- 
ing again at intersection C5, move down along warp 


C has undergone a counterclockwise rotation. 


C to the top view of the deviation in the center line 
of filling 5. The local segment of filling 5 is seen to 


F6, 
Move to the right along 


rotate clockwise. Consider now intersection 


which corresponds to C3. 
filling 3 to the warp deviation diagram. This point 

Note the 
warp at this intersection is bent, with both senses of 


corresponds to the warp deviation at FO. 


rotation present in the subsegments. Now determine 


the intersection along filling 5 which corresponds to 
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TABLE Il. 


Junction viewed from 
fabric face 
A. Warp up, filling down (WU—FD) Wr 
F; 
B. Warp down, filling up (WD— FU) W; 
Fy, 
* Subscripts b and ¢, bottom and top, refer to position of 


Warp flush S twill 
Filling flush Z twill * 


Rotation of Yarn Segments in the Fabric Plane: Effect of Twill Direction 


Warp flush Z twill 
Filling flush S twill * 


Counterclockwise W, 
Clockwise F,; 


Clockwise 

Counterclockwise 
Clockwise W, 
Counterclockwise Fy 


Counterclockwise 
Clockwise 


the contact fibers in the pertinent yarn system. 





intersection F6, that is E5. Move down warp E to 
the filling deviation diagram at the point correspond- 
ing to F6, and note that the filling here is also bent 
in the plane of the fabric rather than rotated as a 
single segment. In like manner the warp and filling 


rotation at intersection determined to be 


counterclockwise and clockwise, respectively. 


A7 is 


If the twill line in the fabric of Figure 3 were re- 
versed, it can be easily shown that all senses of rota- 
tion would simply be reversed. Omitting the inter- 
sections where both warp and filling bend in a twill 
fabric plane, the rotations of yarn segments at 
intersections where the warp is up or down, in both 
S and Z twills, are summarized in Table II. 

It now becomes possible to anticipate improvement 
or reduction in the nesting tendency of a given weave 
by considering the relationship, Equation 11, be- 
tween the local sum (dp. + d»;) and the angle B. 

At intersections where neither warp nor filling 
yarns bend, values of a, may be used to calculate 
Where 
interlacing occurs and both yarns bend, the local 
contact helix angles will exceed a, and (depending 
on the degree of flattening) will vary between a, and 


the nesting angles according to Equation 11. 


a», as listed in Table I, for the usual twist multiples. 
If the sum of the local helix angles is significantly 
less than 90°, a reduction in B (below 90°) at the 
yarn intersections should improve nesting, while an 


increase in 8 should impair nesting. Similarly, if 
the sum of the local contact helix angles exceeds 90°, 
B should exceed 90 


to occur, 


for an improvement in nesting 


In order to illustrate the nature of lateral yarn 
displacement in a tightly woven fabric, we have con- 
structed a cloth of braided nylon cord, in lieu of 
twisted yarns. Surface photographs of this fabric 
are presented in Figure 4. The structure is a 3/1 
left-hand twill and corresponds to the 4/1 left-hand 
twill of Figure 3. The warp floats on the face of the 
fabric lie in the vertical direction in Figure 4a. They 
show unmistakable lateral displacement as predicted 
in Figure 3 and tend to rotate in the counterclockwise 
direction under the influence of the crowding of the 
filling risers. These floats correspond to positions 
C3 to C6 in Figure 3. The filling risers of Figure 
4a correspond to position F5 of Figure 3 and accord- 
ing to prediction should rotate in a counterclockwise 
direction when viewed from the fabric face. 
clockwise rotation of the filling 


Counter- 
risers is indicated 


in Figure 4a, as may be seen by extending the axis 


line of a riser on a given filling yarn and noting to 
which side of the next riser this extension line falls. 
In Figure 4) 


(showing the back of the fabric 
shown in Figure 4a) the warp again lies along the 
vertical direction. Here the filling floats are dis- 
torted and rotate counterclockwise as seen from the 


Fig. 4. 


placement in 


Lateral yarn dis 
a tightly woven 
twill fabric; a, Warp flush face 
(3 up, 1 down) ; b, Filling flush 
face (3 up, 1 down). 
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back of the fabric. This represents clockwise rota- 
tion as viewed from the face of the cloth. These 
filling floats may be indicated by positions B5, C5, 
D5, and E5, face-viewed in Figure 3, which indicate 
clockwise rotation. Similarly the warp risers in 
Figure 4b are seen to undergo counterclockwise ro- 
tation rotation face- 


Such warp risers occur at position C2 in 


back-viewed and clockwise 
viewed. 
Figure 3 and are indicated to have clockwise rota- 
tion, face-viewed. 

It should be emphasized at this point that use of 
the term “riser” implies that the cross thread actually 
rises and falls. A reasonable crimp balance or, in 
terms of fabric geometry, wave-height balance, must 
be present to effect the crowding necessary to the 
indicated lateral distortion. If a fabric has all its 
yarn crimp in the warp, the straight filling will have 
no effect on lateral distortion of the warp yarns. 
In fact, if the crimp unbalance of such a fabric is 
achieved through very high warp cover, to the ex- 
tent that warp yarns are laterally compressed to- 
gether, distortion opposite to that indicated in Fig- 
ure 3 may result. This may be pictured in Figure 3 
along the warp float C3 to C6. Note that this float is 
laterally compressed on all sides by its neighboring 
floats (B2 to B5 and D4 to D7) except at positions 
Bo and D3 where lateral expansion (that is, com- 
pared with compression at all other boundaries) is 
This gives rise to an over-all clockwise 
The segment at 
C7 would correspondingly rotate counterclockwise, 


possible. 


float rotation, face-viewed. warp 


when face-viewed. Both such warp rotations are op- 
posite in direction to that expected in a balanced 
wave-height construction. The rotation of the warp 
floats in the 8-end high-warp-cover satin weave pic- 
tured in Figure 5 illustrates this reversal. 

When we consider the straight filling in the un 
balanced construction example given above, we note 
that the original conditions set forth for the fabric of 
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Figure 3 again apply because of the high warp crimp. 
In short, the crowding of the filling floats by the warp 


rises pictured in Figure 46 will take place. The fill- 
ing segments lying under warp float C3 to C6 in Fig- 
ure 3 will rotate clockwise, face-viewed (consider 
segment B5, C5, D5, £5), and the filling segment at 
C7 which corresponds to F5 in the pattern will ro- 
tate counterclockwise, face-viewed. Thus at C7 the 
totally unbalanced fabric (with no filling crimp) gives 
indication of counterclockwise rotation, face-viewed, 
At position C5 both 
warp and filling will rotate clockwise, when face- 
viewed. 


of both warp and filling yarns. 


It is clear from the above discussion that 
rotation of both yarn systems in the same direction 
at each intersection will minimize the effect of twill 
direction on the value of 8 (appearing as 90°) in 
Equation 11. For this reason many unbalanced fab- 
rics will show little or no effect of twill direction on 
their mechanical properties. 

If an unbalanced construction, (e.g., high warp 
cover,) such as a 5-end satin is considered, one ob- 
serves the same direction of twill on both warp- and 
weft-flush sides. If the twill direction were Z in 
both yarn systems, the floats would rotate 
counterclockwise while the filling floats would rotate 
Thus 
bedding could be affected by twist-twill interaction in 
this case. On the other hand, an 8-end satin (with 
high warp cover) whose twill line reverses on the 
back side of the cloth (see the model in Figure 5) 


warp 


clockwise (when viewed from the warp face). 


would be less affected (in bedding ) by twist-twill in- 
This effect is 
caused by similar rotation of contiguous warp and 


teraction. reduction in twist-twill 
filling yarns segments. 

To what extent each of these distortion mecha- 
nisms is operative in a given fabric structure will 
depend upon the magnitude of the cover factors and 
of the tensions during weaving and finishing. If 
the fabric is anywhere near balance, the distortions 


Fig. 5. Lateral yarn dis- 
placement in a tightly woven 
8-end satin; a, Warp flush face; 
b, Filling flush face. 
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indicated in Figures 3 and 4 will prevail; if the fabric 
is unbalanced, the distortions indicated in Figure 5 
will prevail. Where borderline cases are involved, 
knowledge of the fabric geometry obtained through 
standard laboratory cloth measurements or through 
microscopic observations will furnish the necessary 
clue to- expected behavior. Wherever numerous 
tests are carried out on fabric structures, it would be 
a worthwhile project to record face and back photo- 
macrographs of each fabric specimen. 

One such example is included as another illus- 
tration of lateral yarn displacement in a fabric struc- 
ture. The material in question is a snagged rayon 
fabric (photographed originally for the purpose of 
examining the damage), and its picture (Figure 6) 
strikingly illustrates the lateral displacement of 
filling yarns in a tightly woven twill. The black 
filling floats are seen to rotate counterclockwise in 
the Z twill and clockwise in the S twill portion of 
the filling flush view shown. This view corresponds 
to the view one would obtain looking at the back of 
Figure 3 or to that shown in Figure 4b. The filling 
float section B5 to E5 rotates clockwise as seen in 
Figure 3 and would therefore appear to rotate 
counterclockwise as seen from the back of Figure 3. 
It is difficult to determine the degree of crimp bal- 
ance present in Figure 6. The extent of lateral dis- 
placement of the warp is not manifest. 


5. Lateral Yarn Displacement and Yarn Buckling 


The bending of a twisted structure will introduce 
unbalanced shear forces along its cross section. If 
the yarn is not fully restrained, it will tend to buckle 
laterally. Buckling of this sort can be seen in open 
fabrics constructed with highly twisted yarns. 

When a straight yarn is overtwisted, it will buckle 
into a helical configuration in such a way that the 
helix twist direction and the original yarn twist di- 
rection coincide. This combination results in a low- 
ering of the torsional strain energy in the local yarn 
section, the reduction resulting from a decrease in 
local twist angle of fiber in yarn. If the yarn had 
been forced into a helix configuration of opposite 
twist direction, the opposite would have occurred ; 
i.e., the local twist angle would have increased, result- 
ing in higher strain energies. The change in local 
twist angle depends on the manner in which yarn 
helix rotates about differential 
geometry this rotation is known as the helix torsion 
r and equals 


its own axis. In 


95 
rt = (sin 26)/2r, (12) 


where @ is the outside helix angle of the yarn and ry 
is the radius of the helix. 


If the two ends of a twisted but straight yarn are 


held and the yarn formed into helices of different 
radii, the local twist will change in a manner de- 
pendent on the helix radius. If we start with a yarn 
of length L, and, holding both ends from rotating, 
slowly form a helix loop of larger and larger r,, the 
yarn helix angle 6 for any r, will be determined from 

sin 6 


(2rr,)/Lo (13) 


cos 6 = 1/(7T)Lo) (14) 


where 7) is the turns per inch of the helix; i.e., 
1/T), is the helix pitch. 

The helix torsion as defined by Equation 12 be- 
comes 


2 mrs | 1 : 
ad sin 26 Pe: Lo / T,,Lo at 2r (15) 
> 2rn = 2rr ay T,L¢? 7 
If then Z is taken as the helix pitch, i.e., = 1/T), we 
have 


_ 2nZ radians Z turns 


T=>- = 


Le inch Le (16) 


inch 
If we form a length of yarn (whose original twist T, 
was in either direction) into one helix loop (with 
helix angle 6 in the same direction), we will reduce 
the local twist of the yarn by the amount 


AT = (1, — T@) (17) 


where +, is the yarn torsion in the straight configura- 


Fig. 6. Lateral yarn displacement in a herringbone twill. 
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tion and 7¢ is the yarn torsion in the helical configura- 


tion. We note from Equation 16 that 


= Z,/Le? = Lo/ Le? = 1/Lo 
Hence 
AT = (Lo — Z)/Le’ 

A crimped yarn subjected to lateral pressures in a 
woven fabric structure will not buckle into a right 
circular helix, but viewing the type of two-plane 
zig-zag path which the buckled yarn follows (Fig- 
ure 3), we may take the helical form as a first ap- 
proximation of changes in local twist. Consider now 
the buckling of a warp yarn. Let x equal the num- 
ber of picks in a single repeat of the warp float. This 
float repeat will comprise one loop of a helix. The 


length of the yarn axis L, is 


“0 


Lo = xp(1 + ¢) (20) 


where p is the average pick spacing and c is the warp 


crimp. The warp yarn horizontal projection 7 is 


Z=xp (21) 


Twist change from the straight yarn configuration to 
the crimped (and assumed helical) configuration is 


. {i + 6) — xp 


Tr a ; 
. ee ee ae 


(22) 
‘ 
xp (1+)? 


020 «= 
Now if we assume 


To illustrate orders of magnitude, take c 
4 (a 3/1 twill), and p = 0.04”. 
the warp crimp to be equally distributed between 
vertical and lateral waves, the twist change from 
the straight yarn to the crimped configuration will be 


0.20 
4(0.04)(1 + 0.2)? 


0.20 
(0.16) (1.44) 


« 080 


inch 


(23) 


Returning to the direction of lateral displacement 
which results from crowding such as pictured in 
Figures 3 and 4a, we see that an S twill line will 


TABLE III. 


Balanced twill 
Interaction 


Both yarns 


Parallel twist twill 
Crossed twist twill 


Reduces twist 
Increases twist 
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force the warp yarns into an S helix. In Figure 4b 
a Z twill line also forces the filling into an S helix. 
If both warp and filling yarns of Figures 3 and 4 are 
S twist, the buckling which accompanies weave dis- 
placements will result in a reduction of local twist. 
lf both the yarns were Z twist originally, the local 
twist would increase as a result of weave displace- 
ments. 

Now consider the case of lateral displacement 
which results from adjacent yarns in a high cover 
factor construction (with little or no crimp in the 
transverse yarns). Here, as one can note in Fig- 
ure 5, the Z warp twill forces the warp into an S$ 
helix, while the S weft twill forces the weft into a Z 
helix. The warp effect appears to be the stronger 
of the two. 

General rules may now be suggested for the bal- 
anced twill construction and for the unbalanced high 
cover factor weaves to govern the twist-twill interac- 
tion. In the case of balanced twill where lateral dis- 
tortion of both yarn systems is caused by the crowd- 
ing of the transverse yarns, the following can be 
said. When twist and twill directions are parallel 
(in the manner of Chart 2), weave displacements 
will reduce local twist. When twist and twill lines 
cross, local twist will be increased through lateral 
displacement of yarn in fabric. 

For unbalanced high cover factor weaves, in which 
lateral distortion of the high cover yarns is caused 
by the pressure of adjacent parallel yarns, the rule is 
as follows: when twist and twill directions are paral- 
lel in the high cover yarn, weave displacement will 
increase its local twist; when the twist-twill direc- 
tions are crossed in the high cover yarn, weave dis- 
placements will decrease its twist. Meanwhile the 
low cover yarn will behave as the yarns in the bal- 
twill, parallel twist-twill 
crossed twist-twill increasing twist. 


anced reducing twist, 
Summarized, 
these rules are shown in Table III. 

The net effect of these rules is to predict local 
loosening or tightening of warp or filling yarn in the 
Note 


that the mechanisms under consideration may act in- 
It fol- 


woven fabric due solely to the weave structure. 


dependently for warp and filling directions. 


Effect of Twist-Twill Interaction on Yarn Twist 


Unbalanced high cover weave 


High cover yarns 


Low cover yarns 


Reduces twist 
Increases twist 


Increases twist 
Reduces twist 
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lows that directional fabric properties which are af- 
fected by yarn twist will vary with the twist-twill 
interaction. Such properties may include felting 
resistance, fabric stiffness, and yarn pull-out re- 
sistance. 


6. Experiments, Observations, and Interpretations 


The experiments reported on below were designed 
to demonstrate the twist-twill effect and to ascertain 
the validity of the proposed mechanisms governing 
twist-twill interaction. The principal series of tests 
was carried out on fourteen worsted cloths similar 
in construction to fabric PX of the series described 
by Bogaty, et al. [6]. The fabrics were balanced 
construction three up one down (3/1) twills. They 
were hand loomed from six basic yarns and were un- 
finished. However, prior to physical testing, the 


fabrics were relaxed in warm water for one hr., 
hydroextracted, air-dried, and finally exposed to 
All 
“initial’”’ values refer to the relaxed and conditioned 
state. The initial physical characteristics of fabrics 
A to N are listed in Tables [Va and IVb. 


The fourteen fabrics were laundered twice, each 


standard textile testing conditions overnight. 


laundering consisting of a 30-min. washing at 100° F. 
with low-titer soap as detergent and two 3-min. 
rinses. The fabrics were then hydroextracted and 
air-dried. The physical properties after laundering 


Table V. 


Since the experimental cloths were designed as 


are listed in 
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square fabrics 27 by 27 and the relaxed specimens ap- 
proach this texture within 10%, we shall not con- 
sider threads per inch as a controlled variable. Simi- 
larly, the yarns for all fabrics were designed on the 
basis of a constant worsted count of 1/6. Variations 
in yarn-count data based on fabric tests are of the 
The 


controlled variables are the twist magnitude, which 


order of 5% and are considered insignificant. 


varies from 5 to 10 t.p.i., the twist direction, and the 
twill direction. 


A. Air Permeability and Porosity 


Air flow through fabric structures at low pressure 
differentials will be influenced by the number and 
size of interyarn and intrayarn spacings. It has been 
observed in the past that for equal thread counts and 
cloth textures the air permeability of a fabric will 
vary directly as the tightness of the yarn twist. 
This is the general trend one observes in Table IVa 
and may be attributed to the increase in the size of 
the interyarn pores so evident in surface photographs 
of the fabrics. (See Figure 8.) 

In addition to the magnitude of the yarn twist, the 
degree of yarn nesting should have an effect on air 
Air flow should 
fall off if yarn twists are in the same direction and 


permeability. through a fabric 


nesting is effective. Conversely, where warp and 
filling yarns have opposite twist directions, thus elimi 
nating the possibility of nesting (as in the case of 
fabrics M and N), higher air permeability may be 


TABLE IVa. Initial Physical Properties of 3/1 Twill Fabrics (after Relaxation 


Yarn count 
(worsted 


Twist 
Pwill 
direc- 
tion* 


direction hreads/in 


Sabric 


A 
B 
C 
D 


Warp Weft Warp Weft Warp Weft 


~ 


6.0 6.0 
5.9 
6.2 
6.0 


nw 
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DH oo 
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~~ UI 
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NUN Y 
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~I~I oO 
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wun 
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6.0 


mun 


AUNN NNNWN 
MUNN NNNN 


to NM bo ho 
be | 


io) 
NR NM dS bh 


“UNNY& 


S 28 6 
Z 28 6. 


NN 


Yarn twist 


Warp Weft 


\ir Relaxation 
perme- shrinkage 
ability (%) 

OZ. (ft.3 
Warp Weft sq. yd.) min. /ft.? 


Fabric 


Yarn crimp 
% weight 


t.p.i (% 
Warp Weft 


6.9 7. 16 16 10.8 


188 5.0 
7.9 6. 22 20 10,! 187 9.0 
6.3 5. 20 14 9. 192 3 
6.3 6.4 24 22 9 161 


0 : 18 2 11. 
0 7. 22 11. 


123 
172 
0 5. 26 9 93 
1 j 24 2 9.7 126 


aunnwrns 
Nm NM NW bo 


10. id 24 10 
10. 10. 26 . 11. 
10. 10.0 20 10, 
10 10.1 20 2 10 


ee P 1S 11. 
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* Twill direction formed by warp floats on warp-flush face of all fabrics. 
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anticipated. But in comparing air flow in the fab- 
rics made of yarns with 7 t.p.i. (B, A, E, F, M, and 
N), one does not observe higher permeabilities for 
the M and N specimens made of opposite twist 
yarns. This observation does not eliminate the 
possibility of improved nesting in ZZ or SS fabrics 
over the ZS or SZ cloths. (The designation ZZ 
refers to Z warp-Z weft twist; ZS refers to Z warp— 
S weft twist. Twill direction is indicated by the Z 
or S designation following the dash, such as ZS—Z 
or Z warp twist-S weft twist and Z twill viewed 
from the warp flush face.) Other factors such as 
total threads per inch and reduction in local twist 
through yarn buckling will influence air permeability, 
but to what extent the data do not show. 

Consider now fabric pairs G-H, D-C, B-A, E-F, 
K-L, and I-J. The first cloth of each of these pairs 
represents similar warp = weft twist directions but 
with opposite twill direction. We shall call these 
“crossed” fabrics. The second cloth of each pair 
represents similar warp-weft twist directions with 
similar twill direction. We shall call these “parallel” 
fabrics. From Table II it can be shown that in the 
crossed fabrics, rotation of local yarn segments takes 
place in a manner likely to improve nesting. The 
opposite is true in the case of the parallel specimens. 


At the same time lateral yarn displacement due to 


the twill structure occurs in such a manner as to re- 
duce local twist in the parallel fabrics and to increase 


TABLE IVb. Initial Physical Properties of 3/1 Twill Fabrics (after Relaxation) 


Twist direction 


Thickness* (p.s.i.) 


TEXTILE RESEARCH JOURNAL 


the yarn twist in the crossed fabrics. Thus in the 
crossed fabrics, improved nesting should be accom- 
panied by tighter yarns, the former effect favoring 
more dense fabric structure and less air flow and the 
latter effect favoring greater air flow. A compari- 
son of the crossed-parallel pairs in Table IV shows 
smaller air flow through the crossed specimens in five 
out of six pairs. These results imply that nesting 
has the stronger effect on air flow. But when the 
nesting and yarn buckling of fabrics M and N are 
considered, the picture of air permeability mecha- 
nisms becomes obscure. 

It may be pointed out that the immersion absorp- 
tion of the fabric, which serves in some cases as a 
measure of fabric openness, shows no trend consistent 
with the cloth variables of the test series, nor do the 
thickness measurements taken at various pressures 
give evidence of twist-twill interaction. 


B. Felting Shrinkage 


Another factor on which nesting and yarn twisting 
have an effect is the relative freedom of movement 
between fibers. This freedom of motion is essential 
for felting to take place during laundering, whether 
in rayon cloths [5, 10] or in worsteds [6]. When 
the twisted and crimped yarn is severely buffeted 
during washing, relative movement 
takes place between fibers. The relative line-segment 
positions in Figure 1 illustrate one form of such 


considerable 
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movement. Another form of movement can easily be 
illustrated by drawing a line along the neutral axis 
of a strand which is to be bent and observing the 
extent to which it moves when the strand is bent into 
a torus. This is more clearly illustrated by drawing 
a line on either side of the strand along the neutral 
axis and then sighting down onto the top of the 
strand as it is being bent. It is observed that the neu- 
tral axes, which were invisible when the strand was 
straight, now move into view like the Becke line at 
the edge of a fiber seen under the microscope. The 
magnitude of these movements has been calculated 
for the case of the ideal yarn [2]. CROSSED TWIST—TWILL 
Freedom of yarns to slip by one another or to ro- et ee 
, : ; : CROSSED TwiSsT 
tate at their points of intersection will be affected by 
nesting. Freedom of fibers to slip by one another 
during yarn bending will depend upon the degree of 


°/o 


AREA FELTING SHRINKAGE 


interfiber friction and hence on fiber packing, and TWIST, TURNS PER INCH 

yarn twist. Considering the six fabric pairs de- Fig. 7. Shrinkage as affected by twist-twill directions and 
scribed above, we note that the crossed fabrics should by twist magnitude. 

suffer yarn distortion which favors nesting. This 

can be deduced from Table II. Both warp and filling ing shrinkage data plotted in Figure 7, for in six 
yarns of these same crossed fabrics will be subjected pairs out of six more felting shrinkage is observed in 
to lateral pressures favoring the abnormal buckling the parallel fabrics. 

configuration and hence local increase in twist. Con- In fabrics M and N nesting cannot take place; 
trary to their opposing effect on air permeability, hence fiber mobility and high shrinkage values are 
nesting and yarn tightening are believed to restrict expected. This is observed in the data of Table V. 
freedom of fiber motion and hence to reduce felting But the effect of twill direction on the buckling pres- 
shrinkage. This effect is clearly present in the felt- sures will be opposite in the warp to that in the weft 


TABLE V. Physical Properties of 3/1 Twill Fabrics after Laundering 


Air Felting 
Twist Threads Fabric perme- rhicknesst Immer- shrinkage 
direction Twill per inch Yarncrimp weight ability (p.s.i.) sion (% 
————.  direce ————————-. ——————__ (0z./ (ft.3 —— absorp- 
Fabric Warp Weft tion* Warp Weft Warp Weft sq. yd.) min./ft.2) 0.10 1.0 3.0 tiont Warp Weft . 


S 34 31 42 46 18.4 86 0.191 0.141 0.113 38 
} 34 31 36 42 16.4 92 0.170 0.120 0.093 32 
34 32 37 45 17.2 89 0.190 0.136 0.105 39 
32 29 36 38 16.8 101 0.180 0.132 0.103 42 


0) 


NUN Y 
to Un 


mM NM bd tw 
-_~ OM 
= 


34 30 36 36 16.0 107 0.150 0.108 0.085 31 
34 32 42 48 17.7 88 0.175 0.126 0.099 38 
34 32 34 45 16.9 91 0.170 0.123 0.098 40 
34 30 43 52 17.4 86 0.195 0.143 0.114 48 


NNNN 
NNNN 
NUN Ww 
oe 


 ¢ 
— 


32 54 44 14.9 167 0.120 0.082 0.065 39 
34 ‘ 40 40 15.8 167 0.130 0.090 0.071 35 
32 38 48 13.8 191 0.127 0.086 0.065 39 
33 40 52 14.8 201 0.136 0.093 0.073 39 


MUNN 
”AUNNN 
UNNY 


Ww bo ho bho 
omntw 


. > 36 31 29 42 20.7 60 0.186 0.133 0.144 2 
RJ Z 37 31 38 33 20.9 60 0.192 0.141 0.114 2 


NN 
tt 
a 
x 


* Twill direction formed by warp floats on warp-flush face of all fabrics. 
t Schiefer Compressometer, 1-in. diameter presser foot. 
t Immersion absorption according to Federal Specifications for Textile Test methods CCC-T-191b, No. 5502. 
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of fabrics M and N. This condition should give rise 
to increased local warp twist and decreased local fill- 
ing twist in fabric M. The converse holds for fabric 
N. It follows that fabric M should display de- 
creased shrinkage in the warp and the increased 
shrinkage in the weft direction. The converse holds 
for fabric N. These expectations are realized in the 
felting shrinkage data in Table V. Fabric M is seen 
to shrink 21.2% warpwise and 30.7% weftwise; 
fabric N is observed to shrink 29.1% warpwise and 
24.6% weftwise. It is significant to note that all of 
the 12 fabrics constructed of similarly twisted yarns 
in warp and weft demonstrated less than 4.2% dif- 
ference in directional felting shrinkage. 


C. Bending Stiffness 


The bending rigidities of the fabric series were 
measured on the Tinius Olsen cantilever machine. 
Twist-twill interaction was not found to influence 
either warp or weft bending stiffness. One trend 
was noted: an increase in stiffness at lower yarn 
twists and a decrease at higher twists. This observa- 
tion runs contrary to experience that yarns become 
both harder and stiffer upon twisting. 


D. Fabric Structure and Appearance 


Von Bergen |16] states that “in twill fabrics the 
clearness and prominence of twill lines are ac- 
centuated if their direction is opposite to the surface 
direction of the twist of the yarn” (which predomi- 
nates on the face of the cloth) “with the reverse con- 
ditions obtaining for indistinct twills.”” The whole 
relation of direction of twill to direction of twist in 


8e 
Fabric E, ZZ-S 
7.0 X 6.9 tp.i. 


Fig. 8. 
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TABLE Vi. Effect of Yarn Twist on Twill Lines * 


Direction of 
twill 


Warp 
twist 


Filling 
twist Effect in cloth 
Left to right Z 
Right to left S 
Left to right Z 
Right to left S 


Warp twill sharp 
Warp twill sharp 
Filling twill sharp 
Filling twill sharp 


“vaNNY 


Left to right Z 
Left to right Z 
Right to left S 
Right to left S 


Twill distinct 
Twill indistinct 
Twill indistinct 
Twill distinct 


vANUwN 


*Source: see reference 16. 


the warp and filling yarns is summarized in Table VI. 

Surface photographs of selected fabrics in the ex- 
perimental series should illustrate the generality of 
Table VI. In Figure 8 surface photographs of the 
warp flush face of fabrics E and F, G and H, K and 
L, and M and N are provided, together with subhead- 
ings indicating twist magnitude, twist direction, and 
twill direction. One cam easily observe the effect of 
twist magnitude on apparent yarn diameter and flat- 
ness, G and H with low twist, E and F and M and N 
with medium twist, and K and L with hard twist. 
Similarly the interyarn pores are seen to increase in 
size with higher twists. 

In each of the pairs shown in Figure 8 there is one 
fabric whose warp twill line may be called sharp and 
one whose twill is indistinct. Fabric E corresponds 
to von Bergen’s Case 2 and, as Table VI predicts, 
has a sharp warp twill line. Fabric G also corre- 
Fabric 
M corresponds to Case 8 with a distinct twill line. 


sponds to Case 2 with a sharp warp twill. 


8f 
Fabric F, ZZ-Z 
7.07.0 tpi. 


Warp flush face of 3/1 twills after relaxation. 
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& 
Fabric G, ZZ-S 


5.0 x 5. 


Fabric K, SS-Z 
10.1 * 10.0 t.p.i. 


Fabric M, ZS-S 
73X72 tpi. 


8h 
Fabric H, ZZ-Z 
5.1 X 6.0 t.p.i. 


81 
Fabric L, SS-S 
10.1 * 10.1 t.p.i 


Fabric N, ZS-Z 
74X73 t.p.i. 
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Fabric N corresponds to Case 6 and has an indistinct 
twill. Fabrics F and H correspond to Case 3, which 
von Bergen states should show a sharp filling twill. 
This implies that the warp twill line is indistinct, as 
is observed in Figure 8. Thus far, the low and 
moderate twist fabrics have followed Table VI in 
six out of six cases. 

It is possible that optical effects alone will establish 
the prominence of a twill, though all other construc- 
tional factors are the same in prominent and in- 
distinct twills. In addition, one may consider the 
mechanisms of nesting and local twist increase. 
Nesting does not appear to influence twill promi- 
nence, as has been supposed. In cloths possessing 
conditions ideal for nesting, i.e., fabrics E and G, the 
twill line is distinct rather than subdued, and fabrics 
F and H, in which the probability of nesting is re- 
duced, have indistinct rather than sharp twill lines. 

It is the local tightening of the twill-forming yarn 
which appears to “carry the day.” 


In fabrics E, G, 
and M (which promote an increase in local warp 


twist), the surface yarns appear more clearly defined 
in the twill formation. In fabrics F, H, and N, the 
warp is distorted laterally in such a way as to reduce 
twist and flatten the yarn. 

Fabrics K and L appear as the exceptions to these 
observations. Here one has reached a limit in the 
increase of twist which can be inserted by lateral 
warp deflections in the weave structure, evidenced 
perhaps by the random buckling effect and resultant 
loss in twill character of cloth K. The decrease of 
local twist in the warp yarns of cloth L appears just 


9h 
Fabric H, ZZ-Z 
5.1 X 6.0 t.p.i. 


Fig. 9. 
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adequate to effect uniform buckling leading to a 
distinct float form and a prominent twill line. 

The back surface of these same fabrics were photo- 
graphed and weft-twill prominence was observed. 
As a whole, the weft twills were more subdued than 
those on the warp face. Fabrics G, H, M, and N 
were observed to follow von Bergen’s rule. The 
floats in high-twist fabrics K and L buckled so badly 
that the twill line was hardly distinguishable. Fab- 
rics E and F did not follow “promineuce” rules, for 
no observable reason. 

A final surface photographic comparison is fur- 
nished in Figure 9. Here one observes the surface 
of the two fabric extremes as regards freedom of 
fiber migration in felting: fabric H (low twist) and 
fabric K (high twist). Fiber migration completely 
masks the surface of H while the yarns of K are still 
quite visible. It is interesting to note that, with the 
migration and loosening of yarns during felting, 
fabric K has developed a more distinct twill line than 
that seen in the relaxed state of Figure 8. 

The warp face appearance of the 14 test fabrics is 
summarized in Table VII. Twill-line prominence is 
graded as strong, medium, or weak, based on a visual 
eyaluation of each swatch. Since the effect of both 
viewing and lighting direction may be present in the 
photographs of Figure 8, the visual evaluation re- 
ported in Table VII was based on the average fabric 
appearance in a variety of positions relative to the 
light source and to the observer. It is seen in Table 
VII that the five test fabrics constructed with the 
lower twist yarns and designed with the crossed 


The 


twist-twill directions showed strong twill lines. 


9k 
Fabric K, SS-Z 
10.1 X 10.0 t.p.i. 


Warp flush face of 3/1 twills after laundering. 
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TABLE VII. Twill Strength and Yarn Pull-Out Force 


Yarn pull-out force 


Twill 


Twist 





High 
Medium 9.2 18.1 
Strong 20.3 29.0 
Weak i222 2398 
Strong 10.8 16.3 
Strong 21.4 30.5 
Medium 14.3 20.4 
Strong 22.8 43.8 
Medium 19.3 29.9 23.9 
Weak 20.6 29.2 24.0 
Medium 13.0 9 16.9 
Weak 19.1 y+ #. 
Medium 1135 17.. 
Strong 26. 
Medium 21. 


twill 
SS-S 
SS-—Z 
SS-S 
SS—Z 
ZZ—S 
ZZ—Z 
ZZ—S 
ZZ-—Z 
ZZ-—S 
ZZ—Z 
1 SS—Z 
rSS—S 
ZS-—S 
ZS-—Z 


Fabric strength Low Average 


14.9 
23.7 
17.2 
13.8 
25.9 
17.3 
32.4 


~~) 


NM WwW dO WwW No 
— wv 


— 


corresponding five test fabrics designed with the 
parallel twist-twill directions showed medium or 
weak twill lines. The four high-twist fabrics ran 
counter to the trend observed for the ten of low twist 
construction. 


E. Yarn Pull-Out Force 


l= 


The force required to pull a %-in. length of yarn 
from a fabric structure has been used as a measure 
of relative freedom of yarn movement in the cloth. 
Such a test requires unravelling 1 in. or more from 
the edge of the fabric and selecting one yarn protrud- 
ing across the ravelled edge. A cut is then made in 
the fabric parallel to the edge, and % in. within. The 
protruding yarn thus extends only % in. into the 
fabric. The force in grams required to pull the se- 
lected yarn from the cloth is then measured. Re- 
sults of such a test are highly variable, particularly 
for hand-woven fabrics. Lack of adequate test 
specimens precluded running more 5-warp tests per 
fabric, and these are averaged in Table VII. Both 
low and high test results are included. 

The data show that yarn pull-out resistance is 
generally much greater where twist and twill di- 
rections are crossed. Only in the C to D pair is the 
Unfortunately, there was insuffi- 
cient fabric to check this anomaly. In fabric pairs 
A and B, E and F, G and H, I and J, and K and L, 
the higher pull-out can be attributed to both im- 
proved nesting and to the harder warp yarn owing to 
the increase in local twist. The higher pull-out re- 
sistance in M as compared with N can be attributed 
In all, 
the practicality and significance of the yarn pull-out 
test is not fully established, but it has considerable 


reverse observed. 


only to the firmer warp yarn of the former. 
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value as a supplementary indication of subtle con- 
struction changes which hinge on the twist-twill 
interaction. 


F, Progressive Shrinkage 


There is some question as to whether the con- 
sistent differences between the felting shrinkage of 
crossed and parallel fabrics will exist in the early 
stages of laundering. To check this point, specimens 
of fabrics G and H were given intermittent 15-min. 
launderings (followed by a 3-min. rinse period) in 
lieu of the double 30-min. shrinkages reported in 
Table VII. The 15-min. test results are listed in 
Table VIII and plotted in Figure 10. It is clear 
that the difference observed after two 30-min. laun- 
derings occurs as well at the end on one 15-min. 
The 


shrinkage after the fifth 15-min. cycle corresponds to 


washing and persists through five such periods. 


that observed after the two uninterrupted 30-min. 
wash periods. 


G. Twist-Twill Interaction in Cotton Fabrics 

Since the mechanism of shrinkage in cotton fabrics 
is more one of swelling than of fiber movement, it is 
doubtful that twist-twill interaction will be of sig- 
Two cot- 
ton fabric pairs were taken from an earlier study on 


nificance in design of cotton structures. 
abrasion resistance. All four of these cloths were 
warp twills and had textures approximating 82 x 53 
threads per in., warp 12’s and weft 10.5’s, weights 


°/o 


FELTING 


X CROSSED TWIST —- TWILL 
O PARALLEL TWIST-T WILL 


AREA SHRINKAGE - 


LAUN DERINGS 


Fig. 10. Shrinkage in successive launderings 





TABLE VIII. 
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Felting Shrinkage, Per Cent 
Fabric G, 


Fabric H, 





Warp 
After 1 laundering* 5.3 32 
After 2 launderings 11.7 9.7 
After 3 launderings 16.0 15.1 
After 4 launderings 20.2 19.4 
After 5 launderings 22.4 21.6 


Fabric G 


After 2 launderingsT 20.2 22.8 


Filling 





Filling 

715 8.5 
14.9 
20.2 
24.4 
25.5 


Area 
15.4 
25.8 
34.0 
40.7 
43.9 


Warp 


Fabric H 


38.4 25.6 


* One laundering cycle constitutes a 15-min. wash period plus a 3-min. rinse period. 
t Two laundering cycles represent a 60-min. wash period plus a 12-min. rinse period. 


9.5 oz. per sq. yd. Two of the fabrics were parallel 
(zs warp, z weft, Z twill), and two were crossed 
(z warp, z weft, and S twill). The two parallel fab- 
rics showed higher air permeabilities than the two 
crossed cloths, but this difference is attributed to the 
higher twist which was measured in the parallel fab- 
rics. Only a fraction of a percentage difference in 
CCC-T191b Method 5550 cotton laundering shrink- 
age ' was observed between the parallel fabrics and 
their crossed structure counterparts. The stiffness 
tests were likewise inconclusive. 

The effect of the twist-twill interaction in cotton 
The classic 
example where this effect is used to advantage is the 


fabrics is known to the textile designer. 


10-0z. cotton denim woven with dyed warp and un- 
dyed filling. Here it is desirable to have the warp 
flatten out so as to cover the filling, and it is custo- 
mary to utilize the parallel construction (ZZ-—Z) to 
achieve such an effect. The crossed construction, as 
a denim manufacturer points out, results in poor 
coverage of the undyed weft. 

Still another effect well known in the cotton trade 
is that caused by the reversal of twill directions in 
herringbone twills. Here changeover from left-hand 
to right-hand twill in alternate stripes provides a 
noticeable difference in twill prominence. 


H. Twist-Twill Interactions in Rayon Fabrics 


It was a rayon fabric which exhibited the strong 
effect of twist-twill interaction and led to the gen- 
eralizations of Chart 2 [5, 10]. That fabric, it has 
been pointed out, was constructed of a high-Z-twist 
viscose staple warp and a low-twist filament viscose 
From the nature of the twist-twill effect ob- 
served in this fabric, it is concluded that the satin 
weave in question was sufficiently unbalanced to in- 


weft. 


1 Federal Specifications for Textile Test Methods. 


crease local warp twist in the parallel twist-twill 
construction and decrease it in the crossed weave 
structure (see Table III). Since all felting and 
shrinkage occurred in the spun warp yarns, the paral- 
lel combination led to reduced shrinkage while the 
crossed construction was badly felted. 

A second example of the influence of the twist- 
twill interaction in a rayon fabric has been obtained 


more recently. This material is a Jacquard woven 


Fig. 11. Twist-twill interaction in a rayon 8-end satin; 
a, Warp flush side: lower half, S twill; upper half, Z twill. 
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satin tablecloth. Its warp is spun viscose rayon 52’s 
equivalent cotton count, twisted into a 4-ply yarn, 
twist on twist (singles 3 t.p.i. in the S direction and 
16 t.p.i. S in the ply). The weft was continuous vis- 
cose filament 300 den (18’s equivalent) with 2 t.p.i. 
S twist. 
pointed out earlier, requires a double twill designa- 
tion. In one segment of the pattern the warp flush 
twill is Z inclined when face-viewed and the weft is 
S inclined when back-viewed. 


The weave is an 8-end satin and hence, as 


After laundering, this 
portion of the fabric, in which the twist-twill inter- 
action is Zs (symbol 7 of Chart 2) and Se (symbol 
4 of Chart 2) and hence is doubly crossed, is observed 
to be free of excessive damage and felting (see Fig- 
ure 11). Note that both face and back of the fabric 
shown in Figure lla are relatively free of surface 
fuzz. In particular the long warp floats in Figure 
lla appear tightly bound within the fabric structure 
with little or no buckling into the S helical configura- 
tion of lower local twist. 


i 


oa 
bt el 


Fig. 11b, Filling flush side; lower half, Z twill; upper half, 
S twill. 


Fig. llc, Yarns taken from fabrics shown in Figures lla 
and b. 


The lower segment of the fabric is woven with an 
S inclined twill when face-viewed, and the weft is Z 
After laundering, this 
portion of the fabric is bady felted, reflecting the ef- 
fect of the parallel twist-twill interactions, Ss (sym- 
bol 6) and Zw (symbol 1). 


on the face side of Figure 11, which also protrudes 


inclined when back-viewed. 


Observe the heavy fuzz 
in many sections of the reverse side. The most sig- 
nificant illustration of the sharp change in warp be- 
havior due to the twist-twill effect is provided in 
Figure llc. Here the filling yarns are drawn from 
the felted and unfelted sections shown in Figures 11) 
and lla. Clearly there is little or no weft damage. 
But in the case of the same warp end running from 
felted to unfelted portion of the fabric, a signal 
change in appearance is noted midway along its 
length. The lack of damage in the right-hand _ por- 
tion of the warp and the marked felting damage in 
the left-hand section can be attributed only to the 
twist-twill effect. 

This second example pictured in Figure 11 falls 
into the category of a balanced construction, unlike 
As such, it conforms 
with the balanced twill rules in Table V 
in laundering according to predictions. 


that presented in Figure 5. 


and behaves 


7. Summary 


Examples have been collected from the textile 


literature to show the between the di 


interaction 
rection of yarn twist and fabric twill and its effect 
on cloth properties. The properties so affected in- 


clude twill prominence or sharpness and _ felting 
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shrinkage. In studying these published reports, one 
must clearly define both twill and twist directions in 
order to avoid a misunderstanding of recorded ob- 
servations. The twill line is formed on each side of 
the fabric by one set of predominant floats. It is 
therefore suggested that each twill line be designated 
as S or Z, depending on whether the flush-yarn twill 
line inclines as does the stem of the letter S or the 
stem of the letter Z, as seen from the side of the fabric 
on which the dominant floats forming the twill ap- 
pear (with selvedges running north and south). 
Direction of twist is designated according to whether 
the surface fibers follow the stem of an S or a Z. 

On this basis, the regular twills will have a differ- 
ent twill direction depending on whether they are 
viewed from the warp flush side or from the filling 
flush side. Certain weaves have the same twill di- 
rection when viewed from face and back of fabric, 
and these include the 5-, 7-, 9-, and 10-end satin and 
sateen weaves. On the other hand, the 8-end sateen 
reverses its twill direction from face to back. 

The effect of twist and twill direction on fabric 
properties has been ascribed to fiber nesting at the 
But 
straight-yarn helix angles calculated for conventional 
twist multiples do not approach the 45° necessary for 
parallel nesting of the contact fibers of warp and 
filling. 


contact points between warp and filling yarns. 


Recalculation of the local helix angles based 
on the geometry of a bent yarn shows that conven- 
tional twists may have angles in the desired range of 
45°, provided that the physical assumptions un- 
derlying the geometric theory are realized. 

The nonsymmetric pressures at the side of a twill 
This dis- 
placement introduces a second yarn-wave plane (the 


float promote lateral yarn displacement. 


The local ef- 
fect of such displacements is to modify the nesting 
angle between surface fibers. 


first plane is that of the crimp wave). 


Thus the degree of 
nesting is affected by the direction of the local ro- 
tation and in turn by tke direction of the twill line. 
Table II of this report summarizes the nature of lo- 
cal rotations which occur in a balanced twill fabric. 
In the case of unbalanced high cover weaves, the 
rotations listed in Table II are reversed for the high 
cover yarns but still apply for the low cover yarns. 
Surface photographs of several fabrics are presented 
as illustrations of local rotations and lateral dis- 
placements. 

Superposition of two yarn distortion waves in per- 
pendicular planes can be approximated by a right 


circular helix. Depending on the lag between ver- 
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tical and lateral displacements, one observes the yarn 
axis to form either a right or a left circular helix. 
In textile terms, the lateral displacements of warp or 
filling form the yarn into a Z or an S helix, depend- 
ing on the structure of the weave. If a yarn is 
buckled into a helix of the same direction as its origi- 
nal twist, the local twist is decreased by the amount 
c/xp(1+c)*, and vice versa (where c is the yarn 
crimp; p is the yarn spacing; and x is the number 
of yarns per repeat). This effect is summarized in 
Table III, and is shown to act independently in warp 
and filling directions. Nesting, on the other hand, is 
an interaction between warp and filling yarns. 

Experience shows that the use of higher twist 
yarns in a given fabric structure will restrict the 
freedom of fiber movement within yarns and thus re- 
duce the felting tendency during washing of the fab- 
ric. Nesting restricts yarn movement and hence re- 
duces shrinkage. Higher twist yarns are firmer and 
rounder than low twist yarns. Higher twist yarns 
form more prominent twill lines, and, when woven 
to equivalent tightness, they should offer more re- 
sistance to “yarn pull-out” than do lower twist yarns. 
Nesting tends to reduce twill prominence, at the 
same time increasing yarn pull-out resistance. 

It is reasonable to anticipate that those structural 
elements in a woven cloth which affect local yarn 
twist or nesting will also affect felting shrinkage, 
twill prominence, and yarn pull-out resistance. This 
expectation is realized in the experiments here 
reported. 

Tests on an experimental series of worsted fabrics 
showed that the twist-twill interaction did have a 
significant effect on twill prominence, on felting 
shrinkage, and on yarn pull-out resistance. In the 
design of 12 of the 14 fabrics tested, the nesting effect 
and the local twist change reinforced one another, 
thus exerting like influence on both warp and filling 
shrinkages. The remaining two fabrics (M and N ) 
were so designed that nesting was eliminated, and 
the local twist was increased in one yarn direction 
but decreased in the other. As a result, these two 
fabrics displayed greater area shrinkage than the 
equivalent test structures. At the same time they 
differed significantly in warp and filling directional 
shrinkage while the 12 structures shrank equally 
warpwise and fillingwise. 

Whereas nesting and yarn tightening have like 
effects on felting shrinkage, they have opposite ef- 
fects on twill prominence. Observations on the ex- 
perimental worsted cloths showed that yarn tighten- 
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ing, due to lateral yarn displacement, had the pre- 
dominant effect on twill prominence. In this con- 
nection von Bergen’s predictions of twill sharpness 
were for the most part confirmed. 

In the yarn pull-out experiments, greater resistance 
was afforded by those yarns which were nested or 
were tightened locally, only one exception being 
noted, fabric D. But as a whole the fabrics with 
lower average twists showed greater yarn pull-out 
resistance since they were geometrically much 
tighter, possessing the same texture as the high-twist 
fabrics but also having much more bulky yarns. 

Of the several other physical properties evaluated, 
none was observed to be influenced by the twist-twill 
interaction—air-permeability immersion absorption, 
thickness, and bending stiffness. 

Since the mechanism of shrinkage in cotton fab- 
rics is more one of swelling than of fiber movement, 
it is unlikely that the twist-twill interaction is of 
much significance in design of cotton cloths except in 
the matter of twill prominence. Limited experi- 
ments with four controlled cotton structures showed 
this to be the case. On the other hand, rayon fabrics 
behave much like wool structures. This observation 
was unexpected in the case of felting shrinkage. 
But it has been shown that fibrillation of the rayon 
fiber resulting from laundry damage simulates the 
scale structure of wool and leads to fiber migration 
and subsequent felting shrinkage. Illustrations of 
both balanced and high warp cover fabrics are pro- 
vided and these are observed to be sensitive to struc- 
tural changes according to the general rules devised 
for wool cloth. Probably the most striking evidence 
of the effect of weave structure on felting shrinkage 
is present in a photograph showing a single-warp 
yarn badly felted in distinct segments along its 
length but otherwise unfelted. The location of the 
felted sections is directly related to portions of the 
weave pattern where the twist-twill interaction pro- 
motes reduction in local twist. 

In conclusion, it must be admitted that the twist- 
twill interaction often shows secondary or negligible 
influence. One may point out that despite the dif- 
ferences between two fabrics shrinking 35 and 40%, 
respectively, both cloths must be condemned as un- 
Nonetheless, the effect is present in 
strength and often plays a dominant role in determin- 
ing certain fabric properties. 


washable. 


It therefore behooves 
the textile technologist to recognize the presence of 
twist-twill interaction and to allow for it in the design 
of woven structures. 
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The Dielectric Properties of Fiber Assemblies 
J. W. S. Hearle 


Department of Textile Industries, College of Technology, University of Manchester, 
England 


Abstract 


Previous work on the dielectric properties of fibers is extended to cover the frequency 


range, 100 ke./sec. to 10 Mc./sec. 
and discussed. 


Introduction 


In a previous paper,’ the results of measurements 
of the dielectric properties of yarns wound on alu- 
minium cones at frequencies between 50 c./sec. and 
200 ke./sec. were reported. The present investiga- 
tion is concerned with yarn in the same form but 
at frequencies between 100 kc./sec. and 10 Mc./sec. 


Experimental 
Measurement of Capacity and Power Factor 


A Marconi Q meter, type TF 329G, was used. 
This employs a resonant circuit, as in the block dia- 
gram, Figure 1. A substitution method was used. 
The capacity of the test condenser is given by the dif- 
ference in the capacity settings at resonance with and 
without the test condenser connected, and the dis- 
sipation factor tan 8 is given by 


© 2ACin 29 ZAC ont 
tan 0 = 


3.46 (Cin — Cous) 


where Cj, and Cou; are the capacity readings with and 
without the test condenser in circuit, 

and 2AC;, and 2AC out are the differences between the 
two capacity settings at which the output of the 
resonant circuit has fallen to half its maximum 
value. 


The upper limit of frequency was set by the in- 
ductance of the leads (which were kept as short as 
possible) and condenser, which begin to have an ap- 
preciable effect above 10 Mc./sec. 


The Test Condenser 
The test condensers were identical with those used 
in the earlier work, consisting of an aluminium cone 


1J. W. S. 
(1954). 
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The effects of frequency and moisture are reviewed 


Fig. 1. Block diagram of circuit. 


on which the yarn was wound, and a second cone 
which was pressed on the outside. 

For the tests at 65% relative humidity, the cones 
were conditioned in a controlled laboratory atmos- 
phere. For tests at other moisture contents, the con- 
ditioning was carried out in a dessicator over a 
saturated salt solution. The cones were tested im- 
mediately after removal from the dessicator. 


Materials Tested 
The following materials were examined. 


Cotton: grey 9s yarn, Texas cotton (656 grex) 
Viscose rayon staple: bright Fibro yarn 

Acetate 
Wool: 12s worsted yarn (64s quality), (738 grex) 


: 300-den., continuous filament (333 grex ) 


Ardil: 28s worsted spun yarn, with a little oil (1950), 


(317 grex) 
Nylon: 45-den., continuous filament, B.N.S. (1954), 


(50 grex) 


Terylene: 50-den., continuous filament (1954), (56 


grex ) 


Dacron?: 24s yarn, 3 den., 2% in. 


(1950), (246 
grex ) 

Vinyon: 20s yarn, 3.2 den., 2 in., bright (1953), 
(295 grex) 

Acrilan: 20s yarn, 3 den., 2 in. (1953), (295 grex) 

Dynel: 24s yarn, 3 den., 2% in. (1950), (246 grex) 

Fiberglas: 150-1/0 heat cleaned, continuous filament 


(1953), (331 grex) 


All specimens were tested as received. 


2 DuPont polyester fiber. 





FEBRUARY, 1956 


Expression of Results 


The results are given in terms of the effective di- 
electric constant of the air fiber mixture, e,,, and its 
dissipation factor, tan 8. As the latter is usually less 
than 0.1, it will be almost equal to the power factor, 
cos ¢, which is exactly equal to sin 8. 

The moisture content is represented by M%, the 
frequency by f, and the volume fraction of fiber 
present in the air-fiber mixture by P. 


Comparison with Bridge Method 


In the region of 100 ke./sec., measurements can be 
made both by the present method and by the bridge 
method used in the previous investigation.’ 

Three specimens were tested on the same occasion 
by both methods. The results given in Figure 2 show 
the agreement between the two methods. The only 
divergence greater than the experimental error is 
the rise in the dissipation factor of wool at the high- 
This 


leads one to suspect some error in the bridge method 


est frequency employed in the bridge method. 


at this frequency and must also cast doubt on the 
validity of the rise in power factor at 200 kc./sec. 
found with some other materials in the earlier in- 
vestigation.! 
Results and Discussion 
Variation with Frequency 


Values of the dielectric constant and power fac- 
tor at 65% relative humidity over the range of fre 
quencies tested are given in Table I. 

For cotton the dielectric constant continues to de 
crease as the frequency increases, and the dissipation 
factor is fairly high, thus indicating the presence of 
relaxation times corresponding to this frequency 
range. However, for viscose rayon the dielectric 
constant changes less rapidly, and the dissipation 
factor is much lower. This suggests that there are 
very few elements in the structure with relaxation 
Above 1 Mc. sec. 
tion factor begins to rise, showing that there is a 


times in this range. the dissipa- 


maximum at some higher frequency. Acetate rayon 
shows the same effects as viscose rayon to a more 
marked extent. 

In wool and Ardil there is little change of dielectric 
constant, and a low dissipation factor. 

The results for nylon indicate that there are re- 
laxation times which give rise to a drop in dielectric 
constant with frequency and a fairly high dissipation 
factor. This behavior is marked in 


even more 
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Dacron, which shows the highest dissipation factor 
helow 1 Mc./sec. However, the results for synthetic 
fibers are probably considerably affected by the pres 
ence of finishes on the fibers. Acrilan and Fiber- 
glas both show very low dissipation factors in this 


range, while Dacron shows very high values. 


Effect of Motsture 


The effect of moisture on the dielectric properties 
of six of the materials is shown in Figure 3 a to f. 
For all the materials the dielectric constant increases 
as the moisture content increases. 

Of more interest are the changes in the dissipation 
factor, and in the slope of the graph of dielectric con- 


10 20 50 
kc/s 


Fig. 2. Comparison of bridge and resonance methods 
Effective dielectric constant and dissipation factor at 65% 
R.H. bridge method. 
cotton; c, viscose rayon 


100 O02 f ~ 
c/s 


resonance method. a, wool; pb, 
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Fig. 3 a—f. Effect of moisture on dielectric properties, d. Wool, 100P = 53 
from near dryness up to 91% R.H. tie % 
a b c d 
a. Cotton, 100P = 41% M = 17.8 165 15.1 12.3 11.0 9.1 7.8 36 1.3% 


a b c 
M =12.0 10.3 9.4 





e. Nylon, 100P = 90% 


a b , 
M= 60 5.9 A : 3.7 3.1 26 0.6% 





b. Viscose rayon, 100P = 54% 


a b c d 
M =19.5 17.4 15.9 12.5 





£Mejs = 


Acetate, 100P = 83% f. Terylene, 100P = 92% 
a b c d , g a b c d e f g h 
M= 92 89 70 58 48 3.9 3.1 M= 11 11 10 09 08 0.7 06 04% 
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Frequency 
(Mc./sec.) 


0.1 
0.2 
0.5 
1.0 
2.0 
5.0 
10.0 


Frequency 
(Mc./sec.) 


0.1 
0.2 
0.5 
1.0 
2.0 
5.0 


stant against frequency. 


100P =36% 


Cotton 
M=7.2% 


tan é 


0.121 
0.113 
0.087 
0.075 
0.068 
0.056 
0.061 


Terylene 
M=0.5% 
100P =92% 


TABLE I. Dielectric Properties at 65% Relative Humidity 


Viscose 
M=11.9% 
100P =41% 


Em tan 6 


2.03 0.031 
1.97 0.029 
1.96 0.026 
1.95 0.026 
1.91 0.029 
1.89 0.031 
1.87 0.037 


Dacron 
M=0.6% 
100P =47% 


Acetate 
M=5.9% 


100P =57% 


Em tan 6 


2.20 0.015 
2.18 0.015 
2.20 0.014 
2.17 0.016 
16 0.017 
18 0.019 
17° = (0.029 


Vinyon 
M=0% 
100P =35% 





Em tan 6 


1.97 0.030 
1.95 0.028 
1.94 0.022 
1.94 0.022 
1.91 0.021 
1.92 0.018 
1.88 0.017 


Em tan 6 


1.68 _ 

50 0.281 
36 60.224 
28 0.142 
.28 0.065 
.26 0.052 

1.26 0.023 


Em tan 6 


24 =0.025 
24 0.017 
23 0.010 
.24 0.012 
19 = =0.010 
19 0.010 
19 0.010 


For cotton both of these 


Wool 
M=11.6% 
100P =34% 


Em tan 6 


0.016 
0.018 
0.021 
0.019 
0.016 
0.016 
0.027 


SS a a a 
ruUunnue 
aAoon- oh 


Acrilan 
M=1.7% 
100P =37% 


€m tan 6 


18 0.008 
19 0.003 
18 0.006 
19 0.007 
13 0.003 
17 =0.006 
17 ~=—-0.003 


Ardil 
M=11.4% 
100P =53% 


Em tan 6 


1. 0.024 
1.86 0.023 
1.85 0.023 
1.79 0.021 
1.82 0.017 
1.77 0.024 
1.78 0.026 


Dynel 
M =0.2% 
100P =41% 


€m tan 6 


1.35 0.054 
1.35 0.044 
1.33 0.030 
1.34 0.024 
1.28 0.021 
1.26 0.013 
1.29 0.010 


Nylon 
M=4.0% 
100P =85% 


Em tan 6 


0.053 
0.041 
0.040 
0.040 
0.039 
0.027 
0.032 


N= 


NmNN &w we vi 


NN NN NW Lb 
mM wm OOM OD 


Fiberglas 
M=0% 
100P =63% 


Em tan 6 


1.68 0.009 
1.66 0.005 
1.66 0.005 
1.64 0.003 
1.68 0.002 
1.68 0.002 
1.71 0.004 


In wool relaxation effects are important in this 


decrease as the moisture content decreases, and at 
the lowest moisture contents the dissipation factor 
starts to increase, instead of decrease, as the fre- 
quency increases. This indicates that as the amount 
of moisture present decreases, relaxation phenomena 
in the range tested become less important, and effects 
corresponding to higher frequencies become com- 
paratively more important. Viscose rayon shows 
similar effects, but the rise in the dissipation factor 
with increasing frequency starts in damper conditions. 
It is noticeable that at the higher frequencies all the 
curves of dissipation factor tend to run together, sug- 
gesting that the high frequency relaxation effect is 
governed by the cellulose structure independent of 
the water present. In acetate rayon all the dissipa- 
tion factor curves group together, and none of the 
dielectric constant curves shows a big change with 
frequency; this indicates an absence of important 
relaxation effects in this range. 


frequency range only at moisture contents above 
about 13%, whereas in nylon they are of some im- 
portance over the whole moisture range. In Tery- 
lene there is an important effect only in the two damp- 
est conditions, but there is then a large change. 


C. Comparison with Other Results 

There are hardly any other results available with 
which these can be compared. The suggestion of im- 
portant relaxation effects in the frequency range 
above 10 Mc./sec. is in agreement with the indication 
found by Windle and Shaw °* of relaxation effects in 
the frequency range below 3,000 Mc./sec. 


Acknowledgment 


Most of the tests were carried out by Miss M. 


Rogers. 


3j , J. Windle, and T. M. Shaw, J. Chem. Phys. 22, 1752 
(1954). 


Manuscript received October 17, 1955. 





TEXTILE RESEARCH JOURNAL 


Letters to the Editor 


Short communications in the form of Letters to the Editor are intended to provide prompt 
publication of significant new research results and to permit an exchange of views on papers 
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Effect of Laundering on Shirts 


Texas Agricultural Experiment Station 
Texas A and M College 

College Station, Texas 

October 17, 1955 


To the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 


After the publication of two reports on the effect 
of laundering on shirts [1, 2], it was asked whether 
or not the commercial laundry included in these re- 
ports was representative of commercial laundries. 
To answer this question, sets of the same shirts were 
laundered in two other commercial laundries. This 
report includes a summary of the results of launder- 
ing by the three commercial laundries and by two 
household methods. 

The same source of water was used in all methods. 
The three commercial laundries used essentially the 
same method, which was said to be that commonly 
used by commercial laundries. In laundry 2 there 
was less control of the temperature than in laundries 
1 and 3. The wash cycle was the same for the 
three laundries. The household methods, chosen after 
consultation with homemakers who routinely launder 
men’s shirts, included washing in water of 158 + 2 
F. with a low sudsing built detergent in an automatic 
washer run the full cycle, drying for 20 min. in an 
electric dryer, and ironing with an electric hand iron 
or a rotary ironer. The commercial laundries used 
bleach, starch, and bluing which were not used in the 
home laundry. The shirts were washed with soiled 
clothes in the commercial laundries but alone in the 
household laundry. 

After 15 launderings the shirts laundered by com- 


mércial laundry 1 had broken yarns in the collar- 


Those laundered 
by number 2 had broken yarns in the collarbands of 
each shirt. Five shirts laundered by number 3 had 
broken yarns in the collar fold; one shirt had a tiny 
hole in the sleeve, and another had a cuff button re- 
placed. 


bands of two of the seven shirts. 


There were no visible signs of wear in the 
household-laundered shirts. 

Shirts laundered 25 times in laundry 1 showed 
signs of wear in the collar of three shirts; a hole ap- 
peared under the top button of one shirt, and the col- 
lar button of another shirt was broken at the twenty- 
second laundering and replaced. Shirts laundered by 
laundry 2 had additional broken yarns in the collar. 
Buttons had been broken and replaced on the cuffs 
of four shirts laundered by laundry 3. A few broken 
stitches and a short rip were the only signs of wear 
in the home-laundered shirts. 

After 68 launderings the collarbands from com- 
mercial laundry 1 were quite worn, and there were 
torn buttonholes, broken buttons, holes where but- 
tons were sewed, holes at pocket corners, and many 
ripped seams and broken stitches. Shirts from 
laundry 2 had wear similar to those from laundry 1 
with some small holes in the body of the shirts. For 
laundry 3 between the twenty-fifth and sixty-eighth 
launderings, six of the seven shirts had new buttons 
on one cuff; the buttonholes of the collarbands were 
badly worn; additional small holes had appeared in 
the body of each shirt, some seams were ripped, and 
the collarbands were more worn. 

The household-laundered shirts, after 68 launder- 
ings, showed slight fuzziness of the collar edges, some 
wear in the buttonholes, and many broken stitches. 

Nearly every shirt laundered in the three commer- 
cial laundries had stains which appeared at one or 
more launderings. In a few instances the stains re- 
mained throughout many launderings. For ex- 
ample, ink which appeared at the twenty-third laun- 
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dering in laundry 2 remained through the sixty- 
eighth laundering. At no time were there stains in 
the household-laundered shirts. 

Although there was greater visible wear of the 
collar folds when laundered by laundry 1 than by the 
other commercial laundries, there was little differ- 
ence in signs of wear elsewhere in the shirts among 
the three laundries. 

Changes in whiteness during laundering were 
measured with a Hunter reflectometer. After 68 
launderings there was little difference among laun- 
dries and laundry methods with the exception of 
laundry 1 where the shirts had become more yellow. 
The other shirts had become whiter and to about 
the same degree. Although the home-laundered 
shirts were not washed with bleach or bluing, they 
were as white as the shirts washed with bleach and 
bluing in the commercial laundries. 

There was no significant difference in shrinkage 
among the three commercial laundries. There was 
much less shrinkage of the household-laundered than 
The shirts 
were all sanforized, but the shrinkage was more than 


of the commercially-laundered shirts. 


1%. Maximum shrinkage was not reached before 
The collarbands of 
the commercially laundered shirts shrank approxi- 


the tenth laundering or later. 


mately 14 in. and the home laundered 4 in. 

After 68 launderings the loss in strength of all 
shirts laundered by each of the three commercial 
launderies was significant at the 0.01 level. Gains 
were significant for four and losses significant for 
three of 14 home-laundered shirts. 

The breaking strength was lower for the shirts 
laundered by commercial laundry 1 than by the other 
All shirts were 
stronger when laundered in laundry 2 
laundry 3. 

Differences between the strength of shirts laun- 


two laundries, with one exception. 
than in 


dered by the two household methods were not statis- 
tically significant with two exceptions where the 
hand-ironed shirts were stronger than the rotary 
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ironed. The household-laundered shirts in many 
It is 


assumed that there was sufficient gain in strength 


cases gained in strength during laundering. 


caused by shrinkage to more than offset any loss in 
strength caused by household laundering. 

The cupriethylene diamine method was used to 
The 


lower viscosity of the commercially laundered shirts 


measure the degradation of cellulose. much 
shows that they had undergone greater degradation 
of cellulose during laundering than the household- 
laundered shirts. 

The averages of shrinkage, loss in strength and 
viscosity of the shirts after 68 launderings are given 


in Table I. 


TABLE I. Changes after 68 Launderings 


Strength 
Shrinkage loss Viscosity 
(%) (%) (centipoises) 
Commercial 
No. 1 3. 30.! 7.8 
No. 2 3.8 20. 6.8 
No. 3 26.4 6.9 


Household 


Hand iron 
Rotary ironer 


+3.0 
41.2 


13.2 


It is believed that these three commercial laun- 
dries are representative of commercial laundries in 
general. Strength loss, cellulose degradation, shrink- 
age, and visible signs of wear were greater for shirts 
laundered commercially than shirts laundered by 
household methods. 
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To the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 


Although ramie has long been known as a high- 
quality natural fiber, its use has been limited owing 
to the difficulties of extraction of fine filamentous ele- 
ments. Very naturally also, meager data are yet 
available about the properties of ramie as compared 
with those of the other commercial fibers. The re- 
stricted commercial utilization of ramie is responsible 
for the inadequate attention which the scientific 
workers appear to have paid to the study of the 
properties, as in the case of cotton, jute, etc. 

The most desirable textile qualities which ramie 
possesses are that it is the strongest bast fiber known 
and has a highly lustrous appearance. Ramie does 
Be- 
sides, it exhibits an exceptionally high resistance to 
damage by bacteria and fungi. 

The present measurements were undertaken on 
a sample of ramie specially obtained from an Ameri- 
can decorticating organization for certain other stud- 
ies made on different fibers [7, 8]. Fineness and 
strength of the decorticated, degummed, and bleached 
samples of this ramie fiber were measured at two 
different relative humidities, viz., 65 and 80%. 
The observations were carried out on the respectively 
conditioned samples as and when the atmosphere re- 
corded the corresponding humidities, within the limit 


not lose its luster upon exposure to sunlight. 
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Some Physical Observations on a Sample of Ramie 


of +2%. Breaking load was recorded on 5-cm. test 
length individually on 240 filaments collected at 
random to obtain an average value in each case, the 
filaments having been previously weighed for gravi- 
metric fineness. The strength tests were carried out 
on a balance-type instrument having a solenoid load- 
ing arrangement. This instrument was _ specially 
designed for the bast and other long filaments by Dr. 
K. R. Sen. The instrument was manufactured by 
the National Instrument Factory of Calcutta and cali- 
brated in this laboratory. The results are published 
because of certain points of interest indicated below. 

The interesting points to which attention may be 
drawn are (1) the strength values are distributed 
much more uniformly in the case of the bleached 
and the degummed fibers than in that of the decorti- 
cated sample and (2) change in the relative humidity 
from 65 to 80% does not seem to affect either fine- 
ness or strength of any of the three categories of 
ramie significantly. Both these are characteristics of 
considerable practical importance for a textile fiber. 
The observed data are tabulated in Table I. The 
distributions are shown graphically in Figures 1 to 4. 

The small peak discernible at about 50-g. strength, 
in the graph of the bleached fiber at 80% R.H., may 
be due to some sampling causes. It may be noted 
here that the substance strength of degummed fiber 
in Table I is almost the same as that obtained by 
other workers [2, 3, 4] for similarly tested fiber. 
Another point of interest is that the substance 
strength found for bleached ramie is the highest, 
although the mean breaking load is almost half that 
of the other two groups. The reason probably is 
that much finer filaments could be extracted in this 
case by the manual technique already described for 
jute [5]. 

Finally, it may be noted that degumming also ap- 


TABLE I 


Filament mass 


Ramie fiber per cm. yg. 
. Green decorticated 

(a) 65% R.H. 

(b) 80% R.H. 


13.968 
13.824 
. Degummed 


(a) 65% R.H. 
(b) 80% R.H. 


. Bleached 
(a) 65% R.H. 
(b) 80% R.H. 


8.019 
7.920 


Substance strength 


Breaking 


load (g.) kg.cm./g. g./den. 


63.5 + 2.31 
64.3 + 2.17 


4091 
4186 


4.55 
4.65 


53.6 + 1.08 
53.7 + 0.97 


6016 
6102 


6.68 
6.78 


29.6 + 0.79 
30.9 + 0.90 


6463 
6384 


7.18 
7.09 
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RAMIE R. H.—~ 80% 


Bleached 
Decorticated 
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2 oo. 100 6(12006CUOCO—ts«éB!OD 
MEAN GROUP STRENTH (gm) 


200 220 


pears to improve the substance strength of ramie 
relative to that of the decorticated fiber. This may 
be the result of strengthening of the secondary va- 
lence bonds from closer packing owing to elimina- 
tion of interchain substances by the treatment given. 
But until further structural information regarding 
this fiber is available, no definite reason for the ob- 
served behavior can be offered. Substance strength 
has been shown for jute [6] and cotton |1] to largely 
control yarn quality. 
bleached ramie is therefore likely to prove a com- 
mercially important finding. 
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The Mechanical Properties of Cellulose Fabrics 
Treated with Monomethylol and Dimethylol Ureas 


Richard Steele and Lorrain E. Giddings, Jr. 
Textile Research Laboratory, Rohm and Haas Company, Philadelphia, Pa. 


Tue plastoelastic behavior of high polymers is 
generally analyzed in terms of three components, 
elasticity, retarded elasticity, and plastic flow. When 
a load is placed on a polymer, it undergoes a certain 
amount of deformation. When the load is removed, 
part of this deformation is immedately recovered, 
and this part of the recovery is attributed to the 
elasticity of the material. In general there will also 
be further slower, time-dependent recovery of defor- 
mation which is considered to be due to the retarded 
elastic component of the mechanical behavior. There 
is a limit to this retarded recovery in the time scale 
of practical experiments, and there is a _ residual 
deformation in the unloaded sample which is essen- 
tially permanent and is the result of irreversible 
plastic flow in the material while it is loaded. 

The object of the application of crushproofing 
resins to cellulosic fabrics is, of course, to increase 
the recovery of the fabric from crease and wrinkle 
deformations. Such resins, as Gagliardi and Grunt- 
fest [6] showed, must be reacted within the indi- 
vidual fibers, so that the changes in fabric properties 
must be brought about by changes in the properties 
of the component fibers. This conclusion has been 
confirmed in general by a number of investigators 
who have studied fiber stress-strain behavior and its 


relation to fabric crease recovery. A recent sum- 


mary of the results in this field is in a book by E. R. 
Kaswell 
(3, 32). 

In a recent paper [17], we have shown that the 
acid-catalyzed application of dimethylol and mono- 
methylol ureas to cellulose fabrics appears to result 


[10], but later work has also appeared 


in two distinctive reactions, a possibility suggested by 
Gagliardi and Nuessle [7]. Dimethylol urea pro- 
duces a cross-linked, insoluble fiber with the cross- 
links averaging about two urea residues in length. 
On the other hand, monomethylol urea appears to 
form short resin chains about 3 to 5 urea residues 
long which are attached to the cellulose molecules 
at one end, but which do not form cross-links. The 
treated fiber in this case is usually still soluble in cel- 
lulose solvents. These resin precondensates react 
in these two ways on both rayon and cotton, but the 
response of the two types of fabric to these treatments 
shows some very interesting differences. The pur- 
pose of the work described in this paper was to learn 
more about these differences, in particular by study- 
ing the changes produced by these resin preconden- 
sates in the various components of the tensile stress- 
strain behavior of cotton and rayon fabrics. Earlier 
work on this problem has been carried out by Cooke 
and co-workers [5] and by Nuessle, Fineman, and 


Heiges [15]. 
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Experimental Procedure 


The fabrics used were an 80 x 80 cotton print 
cloth and an 80 Xx 60 rayon challis, both weighing 
about 3.5 oz./sq. yd. Samples of each fabric were 
treated with laboratory preparations of the methylol 
ureas using 1% ammonium chloride (based on weight 
of precondensate) as a catalyst. They were impreg- 
nated on a laboratory padder, framed at their origi- 
nal dimensions, dried 10 min. at 125° C., and cured 
for the same length of time at 150° C. They were 
finally scoured to remove unreacted resin and re- 
dried on frames. 

Resin analyses were carried out by the acid extrac- 
tion method, using an extraction bath of 0.1N HCl at 
80° C. for 25 min. 

Testing was done at 70° C. and 65% relative hu- 
midity. All of the tensile data were obtained with an 
Instron tester, using warpwise strips of fabric cut 
*4 in. wide and raveled to an effective width of % in. 
The gauge length was 2 in., and except where other- 
wise specified, the rate of extension was 50% /min. 
Crease-recovery measurements were done by the 
Shirley Institute- Monsanto modification of the creas- 
ing-angle method [3]. 


Results 
1. Load-Elongation Behavior 


Typical load-elongation curves for untreated cotton 
The 


curve for cotton fabric is characterized by a toe fol- 


and rayon fabrics are shown in Figure 1. 


lowed by a nearly straight portion rising to the break- 
ing point. 
cated. 


The rayon curve is rather more compli- 
Beyond the toe and the initial near-straight 
portion of the curve, there is a yield region, and as 


the breaking point is neared, there is an apparent 
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Fig. 1. Typical load elongation curves for untreated 


cellulosic fabrics. 
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TABLE I. Effect of Urea-Formaldehyde Resins on Ultimate 


Modulus of Cotton Fabric 


Ultimate 
slope 
(Ib./%) 
Control 3.25 

Fixed monomethylol urea 
car 
3.5% 
74% 


Treatment 


Fixed dimethylol urea 
2.9% 
5.9% 

(95% confidence limits) 
stiffening of the material. The differences between 
these curves are obviously related to those observed 
in the comparable curves for single fibers of cotton 
and rayon. However, the fabric curves in each case 
have a considerably longer toe region than the single 
fibers, and this is probably due chiefly to the removal 
of crimp in the yarns. The length of the toe depends 
in part on the tension under which the fabric has 
been dried, and this is somewhat difficult to control 
with the hand-framed samples used in this work. 
Considerable care in testing is also necessary to de- 
termine the beginning of the toe, which is also the 
In this work, 
the start of the toe was taken when a load of 2 to 3 g. 


beginning of the load-elongation curve. 


had developed. 

3eyond the toe region, the cotton curve rises 
smoothly to the breaking point. The final portion 
of the curve is frequently very nearly straight, and 
its slope or the slope of the tangent to the curve at 
the breaking point can be taken as a measure of the 
modulus of the fabric. The effect of urea-formalde 
hyde resins on this curve is simply to reduce the load 
at which failure occurs. Its shape and slope are not 
much changed after treatment with either mono 
methylol or dimethylol urea. Data illustrating this 
result are shown in Table I. 

From the curve for rayon fabric, one can measure 
the slopes of the straight portion just past the toe 
The latter 
is determined by the intersection of these two slopes. 


and of the flat region past the yield point. 


The slope at the breaking point can also be measured, 
but it appears to be very closely correlated with the 
post-yield slope. Urea-formaldehyde resins cause 
more obvious changes in the appearance of the rayon 
curve than in the case of cotton. The initial and 
post-yield slopes are increased, and the yield point 
is raised. At high resin concentrations the yield 


point disappears, and the shape of the curve be- 
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Fig. 2. Effect of urea-formaldehyde resins on the breaking 


extension of cellulosic fabrics. 


comes very much like that for cotton. Data show- 
ing the magnitude of these changes for dimethylol 
urea and monomethylol urea are given in Table II. 

The usual physical properties which are used in 
evaluating resin-treated fabrics are breaking strength 
and extension and, of course, crease recovery. Fig- 
ures 2 to 4 show the effect of resin treatment on these 
properties of the rayon and cotton fabrics used in 
this work. Both resin precondensates reduce the 
breaking extension of both fabrics, although di- 
methylol urea has a much stronger effect than the 
monomethylol urea. On breaking strength, the resin 
treatment has opposite effects on the two fabrics. 
The strength of rayon is increased by both precon- 
densates, while the strength of cotton is lowered, and 
in the latter case the dimethylol urea is again the 
more effective of the two materials. The crease re- 
covery data in Figure 4 show again, as has been 
pointed out before [17], that the two methylol ureas 
are equally effective on rayon, but that on cotton the 
dimethylol urea imparts considerably greater crease 
recovery per gram of cured resin than the mono- 
methylol material. 


TABLE II. Effect of Urea-Formaldehyde Resins on the 
Load-Elongation Curve of Viscose Rayon Fabric 


Initial 
modulus 
Treatment (Ib./%) 


/ 


1.53 


Post-yield Yield 
modulus point 


(Ib./%) (Ib.) 
Control 0.84 8.5 
Fixed monomethylol urea 
4.3% 
9.4% 


1.02 
1.09 


Fixed dimethylol urea 
3.5% 
7.5% 


1.08 
1.46 


(95% confidence limits) +.08 


TEXTILE RESEARCH JOURNAL 


The load-elongation curves discussed above repre- 
sent the over-all reaction of the fabrics to tensile 
stress. To determine the effect of the resins on the 
various components of mechanical behavior requires 
more complex experiments. The following sections 
will describe the changes which the resin treatment 
produces in the modulus of the elastic response, the 
retarded elastic response, and the total amount of 
plastic flow. It should be remembered that fabrics 
are even more complicated structures than bulk 
polymers or single fibers for which some of the 
techniques used were developed. It may not be cor- 
rect to neglect fabric parameters as much as will be 
done in the discussion and to depend exclusively on 
molecular explanations. 


2. Modulus of Elastic Response 


The method used to isolate the elastic response of 
the fabric and to estimate its modulus was the “point 
of no relaxation” technique described by Hindman 


and Burr [8]. In this procedure the sample is first 


—— 
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Fig. 3. 
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Fig. 4. 


stretched, then the tension is released, and the posi- 
tion of the crosshead at which there is no change of 
The 


crosshead is then cycled a short distance above and 


load with time is found by trial and error. 
below this point. The slope of the sawtooth curve 
thus obtained is an estimate of the elastic modulus. 
The slope depends on how much the sample is origi- 
nally stretched so that it is necessary to do the test 
at various initial loads or deformations. 

The results are given in Figure 5, where elastic 
stiffness is plotted against original load for treated 
and untreated fabrics. Treatment with the methylol 
ureas makes no difference in the stiffness of either 
cotton or rayon. 


3. Rate of Reiarded Elastic Response 


When a viscoelastic material is extended to a given 
deformation, the load necessary to hold it at this 
extension gradually decays. The rate at which this 
decay, or stress relaxation, occurs is a function of the 
retarded elastic response of the material. The stress 
relaxation of treated and untreated fabrics was ex- 


amined, using the Instron tester. The samples were 


4 


extended at the rate of 25% 
strain. 


min. to the desired 
Faster speeds could not be used because the 
recorder response was not fast enough to follow 
changes in the very early part of the curve. 

Typical curves for the stress relaxation of cotton 


119 


and rayon fabrics are given in Figures 6 and 7. 
With cotton samples the relaxing stress is linear in 
With 


rayon there appears to be a change of slope at about 


log time over several decades of the time scale. 


5 to 10 min. which becomes more pronounced at 
higher extensions. Treatment with either of the two 
precondensates studied does not change the shape of 
the curves for either fabric but does change their 
slope. Meredith, studying stress relaxation in yarns 
[13], found that cotton gave slightly curved lines 
while rayon tended to give more S-shaped curves 
under the condtions of his experiments which are 


His 


yarns were stretched much more rapidly than is 


most nearly comparable with the present work. 
possible on the Instron tester. In general the shape 
of the curves in Figures 6 and 7 suggests that a 
rather broad distribution of relaxation times is in- 
volved in the process, and this is not unlikely in a 
complicated structure such as a fabric. 

For comparing different materials, the slope of the 
curve between 0.1 and 1.0 min. was used, higher 
The 
per cent of the initial load relaxing in the decade men- 


negative slopes meaning more rapid relaxation. 


tioned is calculated from the slope and used for the 


comparison. Since the rate depends on the degree 


of original deformation of the sample, it is necessary 


to observe the relaxation rate at various extensions. 
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Fig. 6. Stress relaxation of resin-treated cotton sheeting. 


The effect of resin treatment on the stress relaxa- 
tion of cotton print cloth is shown in Figure 8, in 
which the rate for various extensions is plotted for 
untreated fabric and fabrics treated with dimethylol 
and monomethylol ureas. It is obvious that di- 
methylol urea has appreciably reduced the rate of 
stress relaxation, particularly in the region of 2 to 
5% strain. On the other hand, monomethylol urea 
shows no significant effect in this region. Surpris- 
ingly, however, it appears to increase the rate at very 
high strains. 

The corresponding curves for rayon are in Fig- 
ure 9. With this fabric both of the methylol ureas 
reduce the relaxation rate up to strains of about 
10%. 


urea tends to cause faster relaxation. 


Above this, as with cotton, the monomethylol 


4. Plastic Flow 


There has been much discussion of the question of 
whether or not textile fibers undergo irreversible 
plastic flow [2, 4, 12], or as it is sometimes called, 
permanent set or secondary creep. However, it 
seems apparent that the ordinary sort of experiment 


available to us (such as stress-strain or creep tests), 
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involving time scales up to 1000 min., does not per- 
mit ‘complete recovery for some fibers. Certainly 
in this sense irreversible flow or permanent set has 
occurred. In many cases, treatment with heat. or 
swelling agents can hasten recovery and eliminate 
this apparently permanent creep. In the case of fab- 
rics, fiber slippage as well as molecular slippage can 
occur and contribute to irreversible deformation. 

Desirable crease recovery behavior of fabrics in- 
volves a finite recovery time without any accessory 
means of hastening the recovery, so that a measure 
of the irrecoverable deformation under such condi- 
tions would be expected to have a correlation with 
crease recovery. A measure of this kind is tensile re- 
covery, and it has been found by Beste and Hoffman 
[1] and others [5, 11] that tensile recovery shows 
a general correlation with crease recovery. 

Tensile recovery is determined by extending the 
sample to some strain below the breaking point, then 
reversing the crosshead and allowing the material to 
contract. The tester will register zero load before 
the sample reaches its original dimensions, and the 
strain at zero load is the irrecoverable deformation. 
The difference between this and the total strain im- 
posed is the tensile recovery [10], which is expressed 
as percentage of the total strain. The effect of resins 
on the tensile recovery of fabric for various strains 
is shown in Figures 10 and 11. At very low strains, 
in the toe region of the stress-strain curve, tensile re- 
covery is complete. Deformations in this region 
probably involve only the uncrimping of yarns and 
fibers which are bent under the constraints of the 
yarn and fabric construction. At higher elongations, 
where the individual fibers are being stretched, the 


The 


effects of chemical treatment become obvious. 
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difference in the relative effects of monomethylol and 
dimethylol ureas on cotton and rayon is again 
apparent. 

Discussion 


The fundamental changes produced by urea-for- 
maldehyde resins on cellulosic fabrics are in the 
structure and properties of their component fibers. 
Chemically the fibers are very alike, and the two 
methylol ureas studied here appear to react the same 
way on both fabrics [17]. The difference in the re- 
sponse of the two fabrics therefore arises at some 
higher level of fiber structure than molecular com- 
position. The most likely origin of these differences 
is in the supermolecular structure of the fibers which 
is in the range of organization that has been studied 
by electron microscopy and low-angle x-ray scat- 
tering [9, 16}. 


The relationship between the struc- 
ture of cotton and rayon fibers and their response 


to resin treatment has been discussed earlier by 
Nuessle [15]. 

As a first approximation, and at the risk of con- 
siderable oversimplification, the characteristic differ- 
ences between the supermolecular structures of cot- 
ton and rayon may be summarized as follows. Rayon 
is basically a matrix of amorphous cellulose in which 
the molecular chains may be to some degree ordered 
in the direction of the fiber axis. Imbedded in this 
matrix are regions of higher order, in which lateral 
interchain interactions are well developed. These 
more or less crystalline regions with poorly defined 
boundaries have essentially no part in the mechanical 
behavior of the fiber. On the other hand, cotton is 
composed for the most part of very highly ordered 


material. The structure of its major component, the 
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relaxation of rayon challis. 


O CONTROL 
®@ 7.4% MONOMETHYLOL UREA 
@ 5.9% DIMETHYLOL UREA 


TENSILE RECOVERY (PERCENT) 


5 10 
EXTENSION (PERCENT) 
Tensile recovery of cotton sheeting treated with 
urea-formaldehyde resins. 


Fig. 10. 


secondary wall, is made up of bundles of molecules 
The 
relatively small amount of unordered material ap- 
The 


effects of urea-formaldhyde resins will now be con- 


(fibrils) which wind about the axis of the fiber. 
pears to be in the interfaces between fibrils. 


sidered with regard to these simplified structural 
concepts. It is likely that refinements of these ideas 
and of the mechanical property studies will be neces- 
sary before complete understanding of the crush- 


pre offing process is attained. 
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When a cotton fiber is extended, the load develops 
chiefly from the extension of the helical fibrils. As 
this happens a certain amount of slippage occurs at 
the interfaces between the fibrils, or in other words, 
in the somewhat disordered regions where suitable 
mechanical treatment can develop a fibril surface. 
The slippage continues to occur as extension pro- 
ceeds until some region of high stress concentration 
fails, and propagation of the rupture tears the fiber 
in two. Ina yarn or fabric, the rupture may eventu- 
ally be propagated through the whole assembly. If 
the extension is stopped before failure occurs, the 
flow will continue to occur. This will result in a de- 
crease in length of the load-bearing elements (the 
fibril helices) and a consequent decrease of load, i.e., 
in stress relaxation. If the extension is rapidly re- 
turned, the elastic part of the response recovers im- 
mediately. On reextending the sample, which is now 
mechanically conditioned, its behavior will be char- 
acteristic of the elastic component if the extension 
cycling is done so rapidly that there is little time for 
retarded elastic response or other flow to take place. 

When a cotton fiber is swollen with water and 
treated with resin, the latter is deposited and reacted 
in the interfibrillar spaces. If the resin is a cross- 
linking one, like dimethylol urea, the disordered in- 
terfibrillar into a_ three- 


material is transformed 


dimensional network of molecules. This network 


flows more slowly under a given stress and has a 
lower limit for its total flow deformation, which ulti- 
mately results in earlier failure. As the number of 


cross-links increases, its behavior becomes more 


completely elastic. The modulus of this elastic be- 
havior is, however, not changed since it depends to 
such a large extent on the fibrillar portion of the fiber 
With 


less capacity for molecular flow and readjustment, 


which is unaffected by the resin treatment. 


stress concentrations which can lead to rupture de- 
velop earlier in the extension of a cross-linked fiber 
The 


change in structure which has led to this reduction in 


so that its strength and elongation are reduced. 


strength is also responsible for the increased elastic 
recovery. The latter, according to Gagliardi and 
Gruntfest [6], is responsible for improved crease re- 
covery. The relationship between strength and crease 
recovery has also been discussed by Nickerson [14], 
who observed that cross-linking materials were neces- 
Non- 


cross-linking resins, such as monomethylol urea, are 


sary to produce crease resistance in cotton. 


less effective at producing this change in the proper- 


ties of cotton. Resin side chains, even though they 
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may interact with other cellulose molecules through 
secondary bonds, do not interfere very much with 
fibrillar motion and flow, and consequently have 
little effect on strength or crease recovery in cotton. 
From the stress relaxation data in Figure 8, it would 
appear that such resin actually accelerates flow at 
high extensions, perhaps because it interferes with 
the re-formation of hydrogen bonds as the fibrillar 
surfaces slide over one another. 

With less flow in a cross-linked cotton fabric and 
no change in elastic modulus, it should be expected 
that the slope of the load-elongation curve should 
be higher than before the cross-linking treatment, 
which appears to be contrary to the results in Table 
I. There are two reasons for this. First, the change 
in flow is relatively small, as can be seen in Figure 10. 
Second, the data in Table I are for the ultimate slope 
of the curve, i.e., at the breaking point, and when the 
slopes are determined at equal loads, a small increase 
is observed after cross-linking. 


With viscose rayon, the deformation of a sample 


in tension is not limited by the presence of a 
system of stiff fibrils. Considerably more flow can 
occur before stress concentrations can develop which 
lead to failure. This may occur either when chains 
flow apart or when breakage occurs in a group of 
The 
addition of resin to this system reduces the rate of 


tangled chains which have reached a flow limit. 


flow (Figure 9) and the extension limit (Figure 2) 
by increasing the degree of interaction between 
chains. The reduced flow and increased stiffness 
(Table Il) result in the greater tensile recovery re- 
sponsible for the crease recovery of the fabric. At 
the concentration levels used in this work, it appears 
that covalent cross-linking resin is no more effective 
on rayon than that which forms side chains. The 
latter must be effective through hydrogen bonding 
or steric interference. At the higher resin applica- 
tion levels which are frequently used in commercial 
resin treatment, there is a difference between the ef- 
fectiveness of cross-linking and non-cross-linking 
materials on rayon also [17]. 

In the extension of cotton fibers the load develops 
from the extension of the well-ordered system of 
fibrils, modified by slippage occurring at fibrillar in- 
terfaces. Breaking occurs when stress concentra- 
tions develop in the interfibrillar spaces and the resin- 
treated disordered material tears instead of flows be- 
fore more of the load can be supported by the ex- 
tending fibril network. In rayon, the load arises 
from the deformation of a poorly ordered assembly 
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of molecules, which flow readily. The modulus of 
such an assembly is much more sensitive to changes 
in the flow rate than in the case of cotton. This 
makes the fiber stiffer and apparently stronger as 
extension begins. However the flow limit is reduced 
so that failure occurs sooner, the result being little 
change in strength due to the treatment. A moderate 
increase is usually observed, as shown in Figure 3. 

The difference between cotton and rayon is obvi- 
ously related to the amount of disordered material 
but not necessarily in a simple way. Disordered ma- 
terial in this connection should probably be inter- 
preted to mean material accessible to the reacting 
resin. The concentration of resin in the accessible 
region of the fiber is not the same for cotton and 
rayon at the same nominal resin content, and it has 
been suggested [17] that this can account for the 
particular susceptibility of cotton to cross-linking 
resins. 


Summary and Conclusions 


The load-elongation properties, elastic stiffness, 
and stress relaxation of 
treated with dimethylol 
have been examined. 


cotton and rayon fabrics 
and monomethylol ureas 
The changes produced by the 
resin treatment have been interpreted in terms of the 
molecular structure of the component fibers. 
Dimethylol urea, which is believed to be a cross- 
linking material on the cellulose, is much more ef- 
fective than monomethylol urea, a non-cross-linking 
material, in changing the strength, ultimate elonga- 
tion, stress relaxation, tensile recovery, and crease re- 
covery of cotton. However, on rayon, there is no 
marked difference in the effectiveness of the two types 
of materials. This can be explained on the basis of 
the supermolecular structures of the two fibers. 
The 


changed by resin treatment, the principal effect be- 


elastic stiffness of cellulose fabrics is not 


ing a reduction in the rate and extent of flow and 
This 


results in an increase in tensile recovery, which, as 


slippage which can occur during deformation. 
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others have shown, is responsible for improved 


crease recovery. 
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The Effect of Chlorine and Subsequent Treatment 
with Sodium Bisulfite upon the Physical Properties 
of Cotton Fabrics Treated with Various Resins 


John H. Howard 


Cranston Print Works Company, Cranston, R. I. 


Abstract 


A study has been made of the effect of chlorine on the tensile strength, tear strength, 
and crease resistance of n.ercerized, 80 X 80, 39-in., 4.00-weight, white cotton cloth 
treated with three types of thermosetting resins, one of which was a straight urea- 
formaldehyde type, another belonged to the melamine-formaldehyde group, and the re- 


maining was of the imidazolidone-formaldehyde class. 


Included in this work is the 


effect of sodium bisulfite on the aforementioned physical properties of the prescribed 
fabric treated with the indicated resins and subsequently subjected to chlorine treatment. 


Introduction 


Thermosetting resins have attained remarkable 
importance to the entire textile industry in the past 
In particular, their value to the cotton 
and viscose rayon fields has increased by leaps and 


few years. 


bounds as shown by their use in obtaining durable 
glazed effects, three dimensional effects, etc., as well 
as their use to impart dimensional stability and 
wrinkle resistance to these fabrics. 

Three general types of thermosetting resins are 
normally employed. These include the straight urea- 
formaldehyde kind, the melamine-formaldehyde group, 
and the imidazolidone-formaldehyde class. All of 
Fab- 


rics treated with any of these resins and subsequently 


them are chlorine-retentive to a certain extent. 


laundered in the presence of small amounts (e.g., 
0.25%) of available chlorine, as would be obtained 
with use of any home laundry bleach, either discolor 
All lose in tensile 
Chenicek [3] states that am- 
monia can form monochloro, dichloro, and trichloro 


at once or discolor on ironing. 
strength on ironing. 


This 
would imply that chlorine retention is due to the 
formation of compounds, 
Their presence would impart a chlorine odor to fab- 


compounds under the proper conditions. 


these chloramine-type 
rics as well as make them liable to degradation in the 
presence of heat and/or sunlight owing to the libera- 
tion of acids containing chlorine. 

Atkinson and Sargent [1] have demonstrated that 
rayon fabrics, finished with a methylolmelamine 
resin and subsequently treated for 5 min. at room 


temperatures with a solution containing 0.0003% 
available chlorine, then washed for 2 hr. with cold 
Other in- 
vestigators [4, 5] have shown that viscose rayon 


water and air-dried, contained chlorine. 


fabrics, finished with urea-formaldehyde or mela- 
mine-formaldehyde resins and subsequently treated 
with an aqueous solution containing 0.01% available 
chlorine, suffered greater loss in tensile strength 
than the same fabrics nonresin-finished but still sub- 
jected to the chlorine treatment. 

The purpose of this work was to investigate the 
effect of chlorine not only on the tensile strength, but 
also on the tear strength and crease resistance of 
cotton fabrics finished with a urea-formaldehyde 
resin, a melamine-formaldehyde resin, and an imi- 
dazolidone-formaldehyde resin. The use of sodium 
bisulfite for the removal of any retained chlorine was 
undertaken in. order to ascertain the effect of such 


a process on the aforementioned physical properties. 


Method 


Three individual lots of mercerized, 80 X 80, 39-in., 
4.00-weight, white cotton cloth were used in this 
work. Three samples were taken from each lot, 
making nine test samples for each resin application. 
The resin mixes consisted only of an organic catalyst 
and the resin. The concentration of the catalyst was 
11 Ib./100 gal. in each case. The concentration (dry 
basis) of the urea-formaldehyde resin was 50 Ib. 
100 gal.; that of the melamine-formaldehyde resin 


was 80 Ib./100 gal.; that of the imidazolidone- 
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formaldehyde resin was 50 Ib./100 gal. The vol- 
ume of each resin mix was adjusted so as to conform 
to a 60% pickup in actual practice. The samples 
were given a single dip and nip two times with the 
use of a laboratory padder, dried on a steam-heated 
can, and cured for 2 min. at 350° F. in a mechanical 
convection oven. A control sample, treated only with 
water, was subjected to the same treatment. The 
samples were then conditioned for 48 hr. at 70° F. 
and 65% relative humidity. 

Tensile strength was determined using a Scott 
tester. Tear strength was determined 
Elmendorf tearing tester. Wrinkle resistance was 
measured with Monsanto wrinkle recovery testers. 

Patches of each resin treatment, along with the 
untreated cloth, were tested for chlorine retention 
according to the tentative A.A.T.C.C. test. This 
test involves wetting out the samples for 3 min. in 
boiling water, squeezing, then putting them in a 
0.25% available chlorine solution (the volume of the 
test solution is equal to 50 times the weight of the 
sample) at 80°+5° F., stirring for 1 min., then 
stirring intermittently for 14 min., removing and 
squeezing by hand to remove excess solution, followed 
by stirring the sample for 1 min. in each of six fresh 
baths of water at 70° to 80° F., removing and squeez- 
ing the specimens between rinses, drying on a flat- 
bed press at 280° to 300° F. for 10 sec., conditioning 
for more than 4 hr. at 65% relative humidity and at 
70° F., scorching on a scorch tester for 30 sec. at 
365° + 2° F., conditioning the specimens for at least 
4 hr. in a standard atmosphere, then making break- 
ing strength tests on water-treated controls and on 
the chlorinated specimens, finally calculating the 
percentage reduction in strength from the values 
obtained. At the 
chlorine treated (0.25% available chlorine solution ) 
to determine the effect of chlorine on the tensile 
strength, tear strength, and crease resistance in each 
case. These samples, after chlorine treatment and 
rinsing, were dried for 10 sec. on a steam-heated, 
flat press (300° F.) and conditioned for 48 hr. at 
70° F. and 65% relative humidity before testing. 
Only the specimens for the chlorine retention test 
were scorched. 

Sufficient chlorine-treated cloth was prepared to 
determine the effect of sodium bisulfite on each 
resin finish subsequently treated with chlorine. The 
bisulfiting was done in an identical manner to the 
chlorine treatment in the tentative A.A.T.C.C. chlo- 
rine retention test except that a 0.50% sodium bi- 


with an 


same time sufficient cloth was 


125 


sulfite solution was substituted for the 0.25% avail- 
able chlorine solution. Weight ratios, temperatures, 
number of rinses, pressing, scorching, etc., were the 
same as for the chlorine test. The effect of the 
bisulfite alone was ascertained by simultaneously in- 
cluding patches of nonchlorinated fabric and sub- 
jecting them to the same treatment. 
resin was processed separately. 


Each type of 


As with the chlorine-treated samples, patches were 
prepared to determine the combined effect of both 
chlorine and sodium bisulfite on the tensile strength, 
tear strength, and wrinkle resistance of each finish. 
The method was the same as outlined above, except 


that these specimens were not scorched. 

To determine the effect of wetting, patches of each 
finish were subjected to one home laundering in an 
automatic washing machine using soap chips and 
soda ash. After washing, each specimen was ironed 
dry using a cotton setting (350° F.) on an electric 
iron, then conditioned for 48 hr. at 70° F. and 65% 
relative humidity before testing. 

In regard to the tensile tests, three values were ob- 
tained from each sample and in each direction, mak- 
ing 27 values in all for each type of finish. 
also true for the wrinkle-recovery tests. 


This was 
Two val- 
ues were obtained in the case of the tear tests, mak- 
ing 18 values in all for each finish. 


Results and Discussion 


The color changes as a result of chlorine treat- 


ment and chlorine—sodium bisulfite 


given in Table I. 


treatment are 
Each figure represents an average 
of nine observations, there being nine samples from 
each treatment. The scale is arbitrarily set up be- 
tween 5 and 20, 5 representing the lightest or whitest 
value, while 20 is the dark brown of a fully scorched 
cotton fabric. The letter W signifies white, Y means 
yellow, and B equals brown. 

It is evident that the melamine-formaldehyde fin- 
ish discolored the least on curing. Although these 
samples yellowed on chlorine treatment, they yielded 
excellent whites on bisulfiting and were the least af- 


All of the imi- 


showed 


fected by scorching after bisulfiting. 


dazolidone-formaldehyde samples yellow 
spots on curing and these persisted, more or less pro- 
oth the 


imidazolidone-formaldehyde and the urea-formalde- 


nounced, despite the indicated treatment. 


hyde finishes were whitened by the chlorine treatment 
as well as by the bisulfiting alone and _ chlorine- 
bisulfiting combination treatments. 





TABLE I. 


Finish 
Water 
Urea-HCHO 
Melamine-HCHO 
Imidazolidone-HCHO 


* U signifies unscorched. 


The results of 
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Color Changes as a Result of Chlorine Treatment and Chlorine—Sodium Bisulfite Treatment 


Orig. 
5W 
7W 
6w 
OW 


the 


chlorine 


Chlorine 


control 


m 


5W 
6Ww 
6W. 
8W 


S signifies scorched. 


and the 


a 


combined 


chlorine-bisulfite treatments followed by scorching 
are given in Table IT. 

Chlorine treatment does not harm the untreated 
cloth. 
HCHO treatment is least chlorine-retentive. 


Of the three resin finishes, the imidazolidone- 
How- 
ever, that particular resin had been allowed to 
equilibrate for one year prior to use, and it has not 
always been our experience to find it to be so low 
The other two finishes are 
extremely chlorine-retentive. 


in chlorine retention. 


The sodium bisulfite treatment does not materially 
affect the unfinished or finished fabric in any case. 
This is also true of the combination chlorine-bisulfite 
treatment. 

The remaining data pertain to the effect of wash- 
ing, chlorine treatment, and chlorine-bisulfite treat- 
ment on various resin These data have 
been subjected to a statistical evaluation according 
to Brownlee [2]. 


finishes. 


The level of significance, if the 
value is significantly different, is given as the sub- 
script in parentheses following that particular value. 
Comparison of means was made only between the 
original untreated finish and the particular process 
phase. For example, only the washed values were 
compared with the unlaundered values; only the 
chlorine values with the unlaundered values; only 
the chlorine-bisulfite with the unlaundered; and all 


of Resin-Finished Cotton Fabrics 


Chlorine 
treated 


NaHSO,; 


treated 


Cl-NaHSO; 
treated 


U S ] S 
SW 6B 
SW 7B 

12Y 9B 
6Ww 


values compared only for that particular resin. This 
was done in the same manner in the case of the un- 
finished cloth. Each value is the mean of 27 deter- 
minations in the case of the tensile strength and 
wrinkle resistance tests and of 18 determinations in 
the case of the tear-stretigth test. 
marized in Table ITI. 


The data are sum- 


The imidazolidone-formaldehyde finish gives the 
highest wrinkle recovery (both directions) but the 
lowest tensile strength (both directions). This lot 
of imidazolidone-formaldehyde resin is only slightly 
chlorine-retentive. Despite this, cloth finished with 
it loses in wrinkle recovery (both directions) on 
chlorine treatment retains a chlorine odor. 
Cotton fabrics finished with this resin suffer least 
in loss of wrinkle recovery (both directions) after 
chlorine-bisulfite treatment. Such fabrics, however, 
were spotted on curing, and the spots persisted all 
the way through, even after the bisulfite treatment. 
Chlorine treatment alone causes an increase in ten- 


and 


sile strength in the warp direction and a loss in the 
filling direction. Chlorine-bisulfite treatment lowers 
the filling tearing strength. 

Chlorine treatment of urea-formaldehyde finishes 
causes a material loss in wrinkle recovery (both di- 
rections). Chlorine-bisulfite treatment of such fin- 
ishes lowers the filling tearing strength. 

Chlorine treatment of melamine-formaldehyde fin- 





TABLE Il. The Effect of Chlorine, Sodium Bisulfite, and Chlorine-Sodium Bisulfite Treatments on the Tensile Strength 
of Cotton Fabrics Treated with Various Resin Finishes * 


Water 


Untreated control 


FT W , W 


Finish 


Water 


Wt 


66 50 60.67 59.56 


Chlorine 
treated 


Urea-HCHO 
Melamine-HCHO 
Imidazolidone-HCHO 


* All samples except 


determinations. 


+ W signifies warp. 


51 36 
49 33 
45 30 


44.74 
45.48 
40.30 


F signifies fill. 


6.96 
14.22 
38.74 


the untreated ones scorched for 30 sec. 


at 365° F. 


% Reduction 


due to chlorine 


NaHSO; 


treated 


Cl-NaHSO; 
treated 


F Ww F W F W F 
48.04 1.83 +14.08 58.07 45.41 59.19 43.37 
2.11 84.44 93.05 45.41 32.74 42.07 29.26 
7.81 68.73 71.69 42.63 28.11 40.11 27.59 
22.48 3.87 9.94 41:11 25.52 42.63 25.30 


Each value, in lb./in., is the mean of twenty-seven 
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ishes lowers the filling tearing strength. Chlorine- 
bisulfite treatment of such finishes increases the filling 
tearing strength and tensile strength (both direc- 
tions), probably owing to the partial hydrolysis of 
the resin during processing. 

Chlorine treatment lowers the filling tear strength 
of the untreated fabric. This may be caused by wet- 
ting alone since washing has a similar effect. So- 
dium bisulfite alone has no material effect. In com- 
bination with the chlorine treatment, changes do oc- 
cur in the physical properties, but they are small in 
magnitude. 

Scorching, according to the tentative A.A.T.C.C. 
chlorine retention test (30 sec. on a scorch tester at 
365° + 2° F.), lowers the warp and filling tensile 
strengths materially in all cases and treatments, in- 
cluding nonresin treated cloth. Sodium bisulfite can 
be used to remove retained chlorine but only at the 
expense of loss in warp and filling wrinkle recovery in 
all instances where the fabric resin-treated. 
Washing alone lowers the filling tearing strength in 


was 


all instances, including the nonresin-treated fabrics. 
However, this loss, percentagewise, is much less for 
the treated cloth than the untreated, which might 
give some indication why laboratory tests do not al- 
ways correlate too well with actual wear tests. All 
of the resin-treated fabrics smelled strongly of chlo- 
rine after chlorine treatment. Washing alone lowers 
the warp and filling wrinkle recovery of all of the 
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resin-treated samples. Sodium bisulfite alone has 
no material effect on the warp or filling tearing 
strength of any of the 


resin-treated or nonresin- 


treated fabrics. All of the resin finishes have about 


the same warp and filling tensile strengths after 


chlorine-bisulfite treatment followed by scorching. 


Conclusions 


Sodium bisulfite may be utilized to remove chlo- 
rine retained by thermosetting resin-treated cotton 
fabrics. However, losses in warp and filling wrinkle 
recovery do occur, the least loss being incurred by 
those fabrics treated with the imidazolidone-formalde- 
hyde-type resin. 

Chlorine bisulfite treatment causes a loss in the 
filling tearing strength of fabrics treated with urea- 
formaldehyde and imidazolidone-formaldehyde-type 
resins while increasing the filling tearing strength 
where melamine-formaldehyde resins are employed. 

Retained chlorine causes a loss in wrinkle re- 
covery of fabrics treated with any of the thermoset- 
ting resins. All such finishes smell of chlorine when 
treated with chlorine, despite the amount of chlorine 
This indicates that fabric must be abso- 


lutely nonchlorine-retentive if the odor problem is to 


retention. 


be overcome. 

Chlorine treatment alone causes a loss in the filling 
tearing strength of urea-formaldehyde and melamine 
formaldehyde-treated fabrics. 


TABLE III. The Effect of One Laundering, Chlorine Treatment, and Combination Chlorine—Sodium Bisulfite 
Treatment on Cotton Fabric Finished with Various Resins 


Tensile 

strength 

(Ib. /in.) 
Finish 
Water 
Water 
Water 
Water 
U¥.* 
ULF. 
UF. 
U.F. 
M.F.t 
M.-F. 


Treatment 


Warp Fill 
None 66 50 
One washing 6465 51 
Chlorinated 65 48 
Cl-NaHSO; 61 50 
None 36 
One washing 37 
Chlorinated 34 
Cl-NaHSO; 37 
None 33 
One washing 37 
M.F. Chlorinated 32 
M.-F. Cl-NaHSO; 39 
fe None 
One washing 
Chlorinated 


Cl-NaHSO; 


De ee ee | 
a aS 
eo VvOoOshN — 


monn — 


32 (5 
28 (5 
32% 


+ + 
wm oO 


*Urea-HCHO. 
+ Melamine-HCHO. 
t Imidazolidone-HCHO. 


Tear strength, Crease recovery, 
Elmendorf Monsanto 
(g.) (deg.) 


Warp Fill 


1145 800 5 
836 588, 5 
2 

1 


Warp 


1052 663 ‘ 
1062); 683 Bly 
680 387 111 
665 348 102 
660 36665 91a 
661 364 94 
628 331 126 
625 298 116 
650 307 1216 
680 35445 108 ¢, 
619 342 127 
596) 306 « 119 
626 326 1174 
620 318); 1184 
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The simple act of laundering the first time lowers 
the wrinkle recovery of all resin-treated fabrics. 
It also lowers the filling tearing strength in all in- 
stances, even more so with nonresin-treated cloth. 


Summary 
Three types of thermosetting resin finishes have 
been studied in regard to their reaction to chlorine 
and_ chlorine-bisulfite The data have 
been subjected to statistical analysis to ascertain their 
validity. 


treatments. 
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Characteristics of Wash and Wear Cottons 
Arnold L. Lippert’ 


Joseph Bancroft & Sons Co., Wilmington, Delaware 


Any subject dealing with consumer habits and re- 
actions is bound to be somewhat controversial, and 


the advent, or rather the recognition, of ‘““wash and 
wear” cottons certainly falls into that category. In 
addition to the consumer, who I think we all agree 
is complex, we are concerned with extremely com- 
plex systems in formulated cottons. In spite of to- 
day’s accomplishments I should judge that for many 
years progress will continue in the technical under- 
standing of these complex systems. I can hope to 
point out only some general conclusions at this time 
and perhaps provide some stimulation for future 
work. I believe that the characterization of mini- 
mum-care cottons is to be preferred because, in some 
cases, the individual may find it to his advantage to 
employ a light ironing treatment. More important, 
there are other factors which the consumer may not 
only desire but require in a product, but which are 
really beyond the narrow definition of wash and 
wear, 

The bare fact, important though it might be, that 
one may launder fabric, hang it up to dry, and be 
able to wear it without the appearance of wrinkles or 


1 Vice president, Joseph Bancroft & Sons Co. 


mussiness is indeed an oversimplification. A truly 
minimum-care cotton must perform satisfactorily in 
many aspects. The habits and the modes of living 
of people change. From their textile purchases, 
they are seeking and demanding more comfort, ease 
Whether this 
change is for better or for worse must be viewed in 


the future. 


of handling, and better performance. 


If most of the factors which make fabric 
performance one of minimum care are incorporated 
in the product, we think the change is for the better. 

I suppose that it must be conceded that “minimum” 
properties were first recognized and advertised by 
the producers of synthetic fabrics. However, it did 
not take long to realize that minimum-care cottons 
The 


main problem was to bring the proper facts to the 


had existed in various degrees for a long time. 


attention of the consumer and to recognize and pro- 
duce characteristics that would give the maximum 
performance. 

Naturally, many abuses and cases of dissatisfaction 
have arisen. It is unfortunate that the exaggeration 
and excessive glamorization of some few properties 
of minimum-care cottons have obscured their true 


merits, which surely exist. There are certainly 
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enough advantages in minimum-care cottons that one 
need not stretch a point. Undoubtedly, there is a 
tendency on the part of the consumer to read into ad- 
All we need is 


The product will sell itself. 


vertising things which are not there. 
a presentation of facts. 

As we have noted, the consumer standards may be 
in the process of change. It may be that advertising 
and promotion programs recognize such a trend, 
or they may be partly responsible for it. Concomi- 
tant with the trend toward minimum-care fabrics may 
be the idea that casualness in dress is accepted, 
whereas a short while ago it would have been looked 
upon with disfavor. As one magazine editor has 
observed, we may be entering an age of casualness 
not only in our habits of dress but also in our ap- 
proach to problems. Since the idea of minimum care 
was first applied to fabrics composed either entirely 
or partially of the newer synthetic fibers, the public’s 
conception of these properties may still be associated 
with those characteristics of synthetic or blended 
would at 
least look different if they had some ironing treat- 


synthetic fabrics. Most of these fabrics 


ment. On the other hand, it has been customary to 
think of cotton fabrics as having a very smooth 
surface appearance, and at least at the moment, it is 
probably desirable to continue to produce cotton 
fabrics that look like the cottons to which we are ac- 
customed. Fortunately, by proper processing, satis- 
factory minimum-care cottons that look like cottons 
can be achieved. 

What then are the properties we wish to achieve 
in minimum-care cottons? These properties may be 
divided into two general groups—one group relates 
to the geometry of the fabric system; the other group 
relates to the formulation which has been applied and 
which changes the properties of the fabric system. 
In the first group, of course, there are several things 
which are ordinarily taken for granted which are 
nevertheless important, such as tensile strength, 
tearing strength, abrasion resistance, cloth cover, 
weight, comfort, absorbency, etc. I suppose we 
could consider also the coloration of the fabric as it 
The second 
group, depending upon the formulation applied, con- 
trols to some extent the dimensional stability, re- 


exists as part of the basic structure. 


sistance to deformation, crease recovery, and ease of 
drying but must not have too great a deleterious 
effect on the properties of tensile strength, tearing 
strength, abrasion resistance, comfort, weight, etc. 
Since crease recovery plays such a major role, one 
cannot evaluate minimum-care cotton without a brief 
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Where fibers are 
as free from strain as possible, crease recovery is fa 
cilitated. 


consideration of cloth geometry. 


Low twist, low count, and high crimp all 
contribute to freedom of motion and lack of strain 
which give high crease recovery. The lack of strain 
and high crease recovery are well illustrated by the 
behavior of knit fabrics where the yarns move with 
relative freedom in most ordinary constructions. In 
high-count plain weaves the flexibility of fibers is 
limited, and it is easier to exceed the elastic limit 
of the system and produce permanent deformation 
or creases. Fabrics with more c mmplicated structure 
than plain weave, such as twills and sateens, resist 
mussing to a greater extent. Except those tightly 
woven, fabrics made of coarse yarns are naturally 
more resilient than those made of finer yarns. A 
disorientated state of fibers and yarns in the fabric 
tends to promote resilience. Such a condition is 
found in plush, corduroy, and napped material which 
have comparatively high crease recovery. The elas- 
tic performance of textile fabrics is of prime impor 
tance, not only in crease recovery but also for the re- 
quired flexibility and compressibility that result in a 
pleasing hand and satisfactory drapability. From a 
mechanical point of view, crimp of the yarns is very 
important, as the elasticity of the yarns and the re 
sulting fabric depends on its ability to recover from 
strain. Methods which reduce the rigidity of the 
fabric and which will decrease cover factors tend to 
produce a drapable fabric with high crease-recovery 
properties. 

Thus by proper ce mstruction it is possible to pro- 
duce fabrics of improved crease recovery by empha- 
sizing those factors which contribute to such a prop 
erty. However, in most cases the characteristics are 
still insufficient for standards of minimum care. Or 
because of other factors—technical, decorative and 
economical-—it is not possible to construct fabrics 
Nonetheless, 
our first principal conclusion would be that the con- 


emphasizing crease recovery alone. 


sideration of the geometry of the fabric makes a 
satisfactory end result much easier in some cases 
and even possible in others. 

Closely allied to, but not identical with, the geom- 
etry of the system is the psychological effect of the 
coloration applied. The consumer obviously is not 
going to perform any lengthy or scientific tests to 
determine the properties of his garment, but if it 
looks all right, it will apparently be assumed to be 


all right. Thus, we get into the problem of the light 


reflectivity of certain shades differing, and of its 
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With 


a broken print pattern or light shade, it is much more 


usually being greater with the depth of shade. 


difficult to detect creases or unsatisfactory perform- 
ance than it is with an unbroken surface or heavy 
shades. These effects are, of course, essentially psy- 
chological, but it must be recognized that the judi- 
cious use of print patterns and depth and type of 
plain shades can be utilized to improve the perform- 
ance of the minimum-care cottons. 

The attainment of the minimum care is possible 
by the application of proper formulation under con- 
ditions conducive to the optimum result. It is prob- 
ably true that any cotton fabric containing an appreci- 


able amount of 


condensation polymers properly 
placed, when compared with the untreated, would 
require less care by the consumer. However, there 
are certain conditions of optimum performance and 
goals to be achieved. 

First, we must decide how we are going to meas- 
ure our results. Although many defects exist, we 
obviously must expect the usual tests for tensile 
strength and shrinkages. It is not within the scope 
of this paper to present a critical review of the pres- 
ent methods to measure crease recovery, or the re- 
lated properties which are so important in determin- 
ing the characteristics of textile fabrics, although 
everyone realizes their limitation. The objective is 
rather to relate properties to methods currently per- 
formed in the textile industry. In our laboratories 
we continue to prefer the Monsanto modification for 
crease recovery. In the course of the testing, de- 
velopment, and control of its licensing programs, our 
laboratories have tested literally hundreds of thou- 
sands of samples by three methods of laundering: 
(1) conventional automatic washer with complete 
cycle, including spinning, (2) the same means but 
eliminating the spinning and drip-drying of the 
fabrics, (3) the complete cycle of an automatic 
washer, followed by tumble-drying in an electric 
dryer. We have adopted a scale of rating the laun- 
dered fabrics from nine to one, nine being considered 
the best and decreasing in number with decreasing 
performance. If one arbitrarily adopts a rating of 
five to correspond to the behavior of blended syn- 
thetic fabrics, which have been widely advertised and 
sold as wash and wear, then we would consider the 
top three categories as satisfactory, the middle group 
as borderline or questionable, and.the lower group 
as unsatisfactory. Exactly where'the point of de- 
mareation should be is difficult to determine, but in 


any case the comparison between the nine categories 
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exists, and we are particularly interested in compari- 
rather than Although the 
evaluation is subjective with respect to creasing and 
wrinkling, we have found excellent reproducibility 
after one and after repeated launderings. Our evalu- 
ation of the results indicates that with properly form- 
ulated fabrics it makes no substantial difference which 
type of laundering is performed. 


sons absolute values. 


Thus, we come to 
our second principal conclusion. Minimum-care cot- 
tons can be handled by home laundering and drying 
devices which have been developed and built to make 
household chores easier and more efficient. There 
is no need to specify that the material must be drip- 
dried, hung on a hanger, etc. We have never been 
convinced that for ordinary home usage the bathtub 
would replace the automatic washer and dryer. 
Naturally, the material should not be run through 
The 
main thing is that with the present automatic equip- 
ment no special precaution or handling need be taken 
and that minimum-care cottons require little or no 
ironing irrespective of whether they are drip-dried 
or washed with a full cycle of an automatic washer 
and tumble-dried. 


a wringer or excessively twisted or creased. 


We have mentioned previously the importance of 
fabric geometry. It is also possible and important 
to control fabric geometry after the fabric has been 
woven. For example, relaxation of a fabric in- 
creases the disorientation, thread count, crimp, and 
crease recovery. A plain print cloth fabric with an 
average crease recovery angle of 85° was processed 
to produce a formulated cotton under conditions of 
relaxation with an average angle of 135 Under 
conditions of stress, the average angle is only 116 
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TABLE I. The Effect of Fabric Compression on the Crease 
Recovery Angle and the Washing Performance 


Crease recovery 
angle 
(degrees) Washing 
perform- 
Force ance 
I. Perpendicular compression 
II. Selective compression 
I11. Compression along the plane 
IV. No compression 
V. Untreated print cloth 


If the same formulated cotton with a recovery angle 
of 135° is compressed by heavy calendering during 
But if 
compressed both perpendicular to and in the plane of 


processing, the average angle is 102 it is 
the fabric at the same time, the average angle is 


again 135° (Figure 1). Both fabrics with crease re- 


for minimum- 


The 


covery angles of 135° are excellent 
care cottons and would require no ironing. 
other fabrics are quite unsatisfactory. 
Another illustration of the effect of geometry is 
the comparison of three appreciably different fabric 
constructions all processed with the same formula- 
One fab 


is excellent; an- 


tion under similar conditions (Figure 2). 
ric with an average angle of 125 
other construction with a crease angle of 119° is also 
satisfactory ; a third construction with a crease angle 
of 122 


It is sometimes desirable either for a 


is inferior. 

utilitarian 
or esthetic reason to change the surface character- 
istics of the fabrics. In one case, the fabric has been 
increased in density by compression perpendicular 
to the plane warp and filling. In a second case, this 
compression has taken place only in selected areas 
but according to a small pattern. In a third case, 
the discontinuity has occurred by compression along 
the plane of the fabric (Table I). From this, we 
We 


Compression perpendicu- 


can draw the following preliminary conclusions. 
shall label them 3 and 4. 
lar to the fabric plane decreases the crease recovery 
angle and the performance of the fabric in laundering 


or minimum care. Compression in the plane of the 


f 
f 


abric increases the crease recovery angle and per- 
the the 
abric systems, the performance and evaluation of 


formance of material. In same class of 
f 

fabric for minimum care appear to be related to 
crease recovery. However, high recovery angles do 
not indicate in themselves, at least in the range stud 
ied, satisfactory performance of fabrics to creasing 
and wrinkling during conventional washing proce- 


dures. As we shall observe later, this would apply 
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only to a formulation which would, under optimum 
conditions, give satisfactory results. 

All of us know that the term crease resistance is 
a misnomer. What we mean and what we desire is 
crease recovery. If the elastic limit of a fabric sys- 
tem could be extended so that the rigidity could be 
increased sufficiently to resist the forces of deforma 
tion, we would have crease resistance. However, 
stiffness as well as other factors probably would make 
the fabric undesirable. 

There is no question but that the satisfactory 
crease recovery of fabrics under conditions of vary 
ing humidity 
This 


during 


is a prerequisite for minimum-care 


cottons. may be different from wrinkle re 


covery the laundering operations, which 
would indicate degree of creasing or mussiness in 
fabrics. Comparisons have been made, however, 
which indicate that although the specific values may 
differ between measurements made with fabrics un 
der standard conditions (65% R.H.) and with fabrics 
saturated with water, nonetheless some relationship 
exists (Figure 3). As measured by the Monsanto 
method, the values are definitely lower in the wet 
state, although they show a slower but upward trend 
as the resin concentration is increased and as the 
angle of crease recovery increases when measured 
under standard conditions of temperature and hu 
midity. The untreated samples show low values in 


the wet state. The comparison of crease recovery 
angles in the wet and dry states is undoubtedly more 


Neverthe 
less, we may draw our fifth principal conclusion that 


complicated than this simple illustration. 


on the basis of the Monsanto method of measurement, 


crease recovery angles of cotton fabrics in the dry 
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and wet states, although different numerically, dem- 
onstrate the same relative behavior. 

As mentioned previously, the presence of any ap- 
preciable amount of condensation polymer, if prop- 
erly placed in and on the fibers and yarns, improves 
some of the properties of cotton fabrics. 
naturally ask the questions: 


We might 
how much formulation 
do we need? what angle of crease recovery is re- 
quired? and what is the relationship, if any, between 
angle of crease recovery and performance in laun- 
dering? Taking one fabric system, which fabric in 
this case has been subjected to mechanical treatment 
and processed with a specific formulation of varying 
resin concentrations, we find the following (Figure 


4). 


creases slowly with concentration. 


The loss in tensile and Elmendorf strength in- 


The value of the 
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crease recovery angle rises sharply, and then the rate 
of rise diminishes. The stability improves with con- 
centration. Up toa point, the performance for mini- 
mum care improves with concentration. After five 
(Figure 5), the difference in 
angles between fabrics of different resin concentra- 
tion in formulas diminishes. 


launderings crease 
There is a small in- 
crease in shrinkage becoming more appreciable with 
lower resin contents. The curve representing crease 
recovery angles flattens and the evaluation of the 
fabrics for minimum wear indicates that there is some 
improvement with the fabrics with lower resin con- 
tents because of shrinkage and increase in the angle 
values. Our sixth principal conclusion is that in the 
ranges measured, the performance of cotton for 
minimum care together with the angle of crease re- 
covery increase rapidly, and a point of satisfactory 
performance may be selected with many fabric con- 
structions where the disadvantage factors are still 
However, we must further 
qualify this conclusion by saying that the general 


relatively unimportant. 


resin-type formulation must be such as to give satis- 
factory performance to laundering under optimum 
conditions. 

considered is 
whether or not all types of formulations produce the 


Another factor which must be 


effects desired and what difference exists, if any. 
The first four different formulations of approximately 
the same solids content, applied to the same fabric 
under similar conditions, show similarities but also 


some differences (Table II). These are some small 
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formance with increasing resin concentrations 
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TABLE II. 


Comparison of Properties of Different Formulated Cottons 


Crease recovery angle 
(degrees) 


Strength 


Tensile Elmendorf 
Formu- ——- - —- — 
lation W F W F W 
I 44 31 768 122 
I] 43 864 111 
Ill 43 33 768 122 
IV 50 36 688 111 
V 41 31 800 128 
Untreated cloth 60 1040 77 


but perhaps not too significant differences in tensile 
and Elmendorf strength. The two formulated cot- 
tons showing the highest angle of crease recovery be- 
fore laundering show the best performance for mini- 
mum-care cotton when judged subjectively by several 
experienced personnel. In fact, subjective judging 
of the creasing and wrinkling during laundering ap- 
pears to be capable of greater differentiation than the 
Whereas 


the first four formulated cottons are produced with 


measurement of the crease recovery angle. 


different components, these components are related 
A fifth 


formulation cotton has been produced with compo- 


to each other chemically in varying degrees. 
nents of a completely different system. The proper- 
ties of this fabric (Mix #5) resemble the others ex- 
cept in two categories. The value of crease recovery 
angle is much higher, while the performance in laun- 
dering is quite poor. From the above, it is perhaps 
superfluous to say that our seventh principal conclu- 
sion is that formulation is important as to the achieve- 
ment of optimum results with minimum-care cot- 
tons. And any correlation of crease recovery angle 
with laundering performance must not be substan- 
tive but should take into account at least the geometry 
of the system and the type of formulation. 

There are two factors which are rather controver- 
sial. One is whether substantial water repellency 
should be part of the characteristics of minimum-care 
Table 


II1l, we compare the properties of three formulated 


cottons, and if so how much (Table III). In 


cottons with an untreated fabric. Two of the formu- 
lated 
which are compatible with the resin ingredients but 


cottons contain water-repellent components 


are otherwise quite similar. The properties of all 
three formulated cottons compare with each other 
quite closely except for substantial differences in 
water repellency, as measured by the spray rating 
test, and rather striking differences in laundry per- 


Original 


Washing 


perform- 


— Per cent 
Afterwash shrinkage 
ance 
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formance. The formulated cotton without the water- 
repellent component shows the best performance. 
Adding a water-repellent ingredient in Mix #3 im- 
proves the tensile and Elmendorf strengths but re- 
acts ‘somewhat adversely on the laundry performance. 

Formulated cottons which are resin-treated possess 
characteristics of lower water imbibition and, hence, 
require less time to dry to equilibrium conditions. 
This property persists through repeated launderings 
(Figure 6). It is interesting to note that formulated 
cottons containing water-repellent components behave 
The 
exact value or need for such property varies with 
One of 


the great advantages of cotton fabrics, as compared 


very similarly to those not containing them. 
conditions to which the material is exposed. 


with those fabrics made from some other fiber, is 
their comfort, which is closely related to the fiber 
fabric moisture behavior. It is probable that, with 
the general level of formulation, these important re 
lationships are not too unduly disturbed. However, 


it is my opinion that the water vapor and liquid wa- 
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TABLE III. 
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The Effect of Water Repellents on the Physical Properties of Formulated Cottons 


Crease recovery angle 


Strength 


Tensile Elmendorf 


Formulation W F W F f FF 

44 768 432 128 
35 960 512 122 
47 848 576 128 
60 1040 688 93 


No water repellent 
Water repellent A 
Water repellent B 
Untreated cloth 


ter characteristic of some of the synthetic fibers can- 
not be too closely simulated in cottons without sacri- 
ficing some of cotton’s advantages. 

Undoubtedly, the reduction of water held and the 
decrease in the time required to dry a fabric are 
of 
The eighth conclusion to be drawn, if any, 


meritorious under many conditions consumers’ 
use. 
would be that achievement of satisfactory levels in 
performance in other respects with formulated cot- 
tons produces improved properties with respect to 
water held by the fabric after extraction and the 
length of time required to reach equilibrium condi- 
tions. We might suggest another conclusion (nine) 
that the use of water-repellent components in the 
formulations contributes only to the water repellency 
of the fabric and does not essentially change the 
drying characteristics. 

Freedom from chlorine retention is important in 
some end uses and an objective toward which to 
work. The complexity of the problem is well-illus- 
trated by the absence of a suitable test even at this 
time to satisfactorily evaluate results. The present 
test of the A.A.T.C.C., although it has shortcomings, 
still the best sy this 
standard, the various formulations presented vary in 
(Table IV). 


In comparing the formulated cottons, there seems to 


is probably one we have. 


their resistance to chloride retention 


be no particular relationship to loss of strength owing 
to chlorine retention and other desirable properties. 


(degrees) 


Original Afterwash 


116 


Wash- 
ing 
per- 

form- 


Per cent shrinkage 
Water 
——-~-- —-— - repel- 
W F W F W F 
128 128 1 
111 111 2 
122 2 
77.—s 85 


1 wash 5 washes 
lence 
0 
100 
80 


72 
88 
63 


retention is one on 
The 


negligible number of complaints which our company 


The importance of chlorine 


which no general agreement has been reached. 


has received, in its own production and that of its 
licensees in hundreds of millions of yards, is not only 
impressive but also astounding. As stated previously, 
the properties of minimum care were first recognized 
in fabrics made entirely, or in part, of the newer syn- 
thetic fibers. When the point was raised that often 
these fabrics neither look like freshly ironed cotton 
nor possess the clear white color of properly bleached 
fabrics 
were not cotton and therefore the fact that they looked 
differently just had to be accepted. 


cotton, the answer was given that these 
This fact, I am 
sure, has been at least partially 
Without 
whether this is a proper answer or not, the analogy 


accepted by the gen- 
eral public. taking any position as to 
should be clear that in a great majority of resin- 
treated cottons there exists chlorine retention, and 
the fact will have to be accepted. 

Whether or not in these formulated cottons one 
accepts the theory that there is reaction with the cel- 
lulose or pelymerization in the fibers or a combina- 
tion of both, the cotton industry should not blind 
themselves to the fact that essentially they have a 
new fiber, and this fiber has different properties. We 
certainly should work toward the improvement of 
whatever limitation this fiber may have. However, 
in the meantime, we should emphasize the tremendous 


TABLE IV. Physical Properties of Formulated Cottons and the Per Cent Strength Loss Due to Chlorine Retention 


Crease recovery angle 
(degrees) 


Strength 


Tensile Elmendorf Original 
Formu- - - 
lation W F W . W F 
1040 

768 

816 

816 


832 


Untreated 
I 44 
Il 41 
Ill 
IV 


Per cent 
strength 
loss on 
chlorine 
retention 


_ Per cent 
Afterwash shrinkage 


W F 


77 85 


Washing 
perform- 
ance 


1 
8 
7 


8 
16.00 3 
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assets of formulated cotton rather than a minor limi- 


tation. Our conception should be that we have 
created a new fiber with new properties, and it 
should be handled accordingly. In the same way 
that the commercial laundry and dry-cleaning in- 
dustry has had to adapt their methods to the proper- 
ties of fabrics made from various fibers, it should 
certainly be as easily argued that their methods 
should be adapted likewise to the properties of resin- 
treated cottons. 

Our tenth conclusion would be that with all other 
factors being equal, it is advisable to strive to obtain 
the lowest chlorine retention, but the sacrifice of 
other desirable properties to achieve better resistance 
to chlorine retention does not appear to be justified. 

Stability of fabric relates to its capability to retain 
Cotton fab- 
rics lose their original shape owing to the fact that 
They 
tend to shorten longitudinally and expand in cross 
section. 


its original dimension after laundering. 
cotton fibers swell on absorption of moisture. 


These facts result in the fabric having de- 
creased area and a more compact structure. In other 
words, their cloth cover factor increases. Two gen- 
eral methods have been developed to produce dimen- 
sional stability. One is the relaxed shrinkage method, 
by which all strains which have been developed dur- 
ing processing are relieved. The mechanical com- 
pressive process is of this type. Here the damp 
cotton fabric is allowed to dry and compress on the 
movable elastic blanket, the machine being set to 
compensate for the shrinkage which would take place 
in complete relaxation. The second method of pro- 
ducing dimensional stability depends on chemical 
methods by the treatment of the fabrics with process 
formulations, usually of the thermosetting-resin or 
cellulose-reactive types. These chemicals react with 
the fibers to render them somewhat impervious to 
moisture and reduce the swelling of the fibers to a 
minimum. Thus, it is possible with formulated cot- 
tons to produce dimensional stability to guard against 
both shrinkage and stretching without any extra 
mechanical processes and in effect produce the de- 
sirable properties without changing essentially the 


geometry of the fabric system. The eleventh prin- 


cipal conclusion that we may draw is that properly 


formulated and processed cottons possess adequate 
stability in addition to other characteristics. 

With some particular formulation, the critical 
ironing temperature may be lowered and the ease of 
ironing thus improved. Care must be taken that the 


use of certain materials does not cause absorption 


135 


of acetate colors from other materials, 
The 


also be 


which properly 
untreated cotton does not have. components of 
so that 


proper lubrication is achieved during the cutting and 


the formulation used must chosen 
sewing operations. 
There seems to be no question as to the merits of 


The 


freedom from household chores, which includes ease 


minimum-care cottons. trend toward greater 
of caring for clothing, is certainly going to continue, 
especially since minimum-care cottons adapt them 
selves so well to the modern household washing and 
drying devices. With further advances in the tech 
nology of processing, the demand and acceptance of 
the product will increase severalfold. 

There are, however, two distinct dangers which 
may seriously impair or actually destroy the public’s 
acceptance of minimum-care cottons. One is need- 
lessly exaggerated claims of performance which will 
cause the public to consider minimum-care cottons 
only another advertising stunt. The other danger is 
even more insidious. We are asking for trouble, if, 
under the stress and strain of competition, appreciable 
amounts of cotton fabrics are sold under this or simi 
lar designation, which for one or more reasons (such 
as unsuitable fabric, improper formulations, or in 
correct processing ) produce obviously unsatisfactory 
end products. The consumers will be fooled once, 
maybe twice, but no more. 

Quality goods should be properly tested, controlled, 
and carry a trade-mark that really means something. 
It would cer- 
tainly not be in the public interest to have this pro- 


\ few bad apples will spoil the barrel 
gram destroyed. This has been the case with a good 
many textile products which have been forced from 
the market by poor and inferior imitations masquer 
ading under the same category. 

In summary, a few of the many observations and 
technical experiments which have been performed 
We have 


minimum-care cottons. 


by my co-workers have been presented. 


great faith in the future of 


You will recall that we have discussed the fact that 
compression in the plane of the fabric improves the 


various characteristics affecting crease recovery, 


strength, performance in laundering, and others; 


randomness likewise improves these desirable char- 
acteristics. By the dual properties of compression 


and randomness, achieved with 


action, 
we believe that fabrics can be produced which will 


mechanical 


make a real contribution to the further advancement 
of minimum-care cotton. 


Manuscript received October 26, 1955 
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Review of Three Recent Developments in 
Flame-Retardant Treatments for Cotton 


J. David Reid 


Southern Regional Research Laboratory,’ New Orleans, Louisiana 


Durinc ‘the past five years, the Southern Re- 
gional Research Laboratory, at New Orleans, Louisi- 
ana, has conducted research aimed at the develop- 
ment of a durable finish to make cotton cloth flame- 
Part of this work has been done on the 
regular funds of the Laboratory, and part has been 
supported by funds supplied to the Southern Labora- 
tory by the Office of the Quartermaster General, De- 
partment of the Army. 


resistant. 


Because of this connection, 
emphasis has been placed on work with 8-oz. cotton 
twill and sateen such as is used in military garments. 
However, close cooperation has been maintained not 
only with the Quartermaster Corps but also with 
other branches of the military service and with com- 
mercial concerns expressing an interest in our work. 

Initial work was done on the theoretical aspects of 
making cotton flame-resistant, and substantial con- 
tributions were made toward an understanding of the 
basic principles underlying flame resistance of cotton. 


(HOCH2)4P*Cl- + (HOCH2NH)sCaNs——; 


THPC Trimethylolmelamine | 
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Fig. 1. 


Formation of THPC Polymer. 


1 Delivered by Dr. Reid as an introduction to the presen- 
tation of three papers on the subject “A Compounded Flame 
Retardant for Cotton Fabrics”; “Bromine-Containing Phos- 
phonitrilates as Flame Retardants for Cotton”; and “Cotton 
Made Flame-Resistant with Bromine-Containing Phospho- 
nitrilates in Combination with THPC Resins.” 
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Fig. 2. Formation of BAP. 


Efforts were then made toward developing a resin 
finish which would impart the desired qualities to 
the cotton. Two rather different types of treatment 
were developed, and these have been described at 
previous meetings of the Chemical Finishing Confer- 
ence. In 1953, the THPC method, based on a 
copolymer made from tetrakis (hydroxymethyl) 
phosphonium chloride and methylolmelamine, was de- 
scribed by Reeves and Guthrie. The following year, 
Frick, Weaver, and Reid described the BAP method 
using a water emulsion of a polymer made from bro- 
moform and triallyl phosphate. Figures 1 and 2 
show some of the chemistry involved in these two 
processes. 

Although the two methods meet most requirements, 
excessive amounts are needed to obtain flame re- 
sistance on edges or narrow strips. Furthermore, 
special uses may require different formulations. In 
order to meet these requirements, work has continued 
at the Southern Laboratory, and other methods and 
modifications have been developed. It is the purpose 
of the present paper to review three of these de- 
velopments. These include work on (1) combina- 
tion of the bromoform adduct polymer of trially] 
phosphate with THPC resins, (2) bromine contain- 
ing phosphonitrilates, and (3) combinations of these 
with THPC resins. This work is described in the 
following three papers. 
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A Compounded Flame Retardant for 
Cotton Fabrics’ 


J. David Reid, J. G. Frick, Jr., and Richard L. Arceneaux 


Southern Regional Research Laboratory,?, New Orleans, Louisiana 


Abstract 


A combination of two existing flame retardants, THPC and the bromoform-triallyl 
phosphate polymer, produces a flame-retardant finish for cotton which is superior to that 


of either finish alone. 


Fabrics 8 oz. or heavier are made highly flame-resistant. 


The 


finish is durable and employs a single treating bath with a simple finishing procedure. 


Mucu work has been done at the Southern Re- 
gional Research Laboratory on the development of 
an efficient flame-retardant finish for cotton fabric 
which will remain effective after an indefinite number 
of dry cleanings or launderings. Two such finishing 
processes have been developed and announced previ- 
ously. One of these, called the THPC method, is 
based on a copolymer made from tetrakis (hydroxy- 
methyl) phosphonium chloride and methylolmelamine 
2, 3]. The other, called the BAP method, uses a 
polymer prepared from bromoform and triallyl phos- 
phate [1]. The first finish is applied from aqueous 
solution and the latter from aqueous emulsion. 

Both of these methods give fabric with good re- 
sistance to burning, as judged by the vertical flame 
test [6], but the THPC method gives a much shorter 
char length for an equal add-on. The BAP method 
gives better results when comparable fabrics are ig- 
nited along an exposed edge, but the flame resistance 
is still far from ideal. For some uses, and particu- 
larly for materials needed for military requirements, 
it would be desirable for the fabric to withstand a 
more rigorous test, such as exposure of a narrow 
strip to a flame. It was found that results varied 
with different flame retardants on cotton with (1) 
width of strip, (2) angle of strip from vertical, (3) 
type of flame used for ignition, (4) time of ignition, 


1 This is a report on one phase of a program of research, 
on the flame-resistance treatment of cotton textiles, being 
conducted at the Southern Utilization Research Branch with 
funds supplied by the Office of the Quartermaster General, 
Department of the Army, and conducted under the general 
supervision of the Research and Development Center, 
Natick, Massachusetts. 

2 One of the laboratories of the Southern Utilization Re- 
search Branch, Agricultural Research Service, U.S. De- 
partment of Agriculture. 


How- 
ever, for practical use, a strip of fabric, 4 x 10 in., 
hung vertically in a draft-free area, and ignited with 
an ordinary match, gave reproducible results. 

Using this “match test” method, fabrics treated 
with the THPC and the BAP methods were com- 
pared. Whereas the first had a char length of 3 in. 
and the second of 5 in. in the vertical flame test, the 
%4-in. strip treated with THPC would burn com- 
pletely, while that treated ith BAP would start to 
burn vigorously and suddenly go out. 


(5) ambient conditions, and (6) operator. 


To explain this phenomenon, consideration was 
given to the theoretical aspects of making cotton 
flame-resistant as given by Schuyten, Weaver, and 
Reid [4, 5]. Application of their conclusions to the 
two materials under consideration may be summa- 
rized as follows: The reaction involved in 
preventing the cotton from burning is a dehydration 
of the cellulose brought about by decomposition of 
the flame retardant at flaming temperatures to form 
a phosphorus-containing acid, probably metaphos- 
phoric acid. 


main 


This acid acts as a dehydration cata- 
lyst, through a carbonium ion mechanism, to produce 
carbon and water from the cellulose. This dehydra- 
tion is not complete ; only 80% dehydration occurs on 
about 75% of the cellulose, leaving about 25% of 
the cellulose to decompose mainly to flammable gases 
mixed with products of the pyrolytic decomposition 
of the flame retardant itself. The char length ob- 
tained in the vertical flame test is not necessarily 
closely related to flammability of the cloth under con- 


ditions of practical usage but is approximately in- 
versely proportional to the temperature of decom- 


position of the reagent. 
resin decomposes between 350 


For example, the THPC 
and 400° C., while 
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the BAP decomposes between 200° and 250° C. It 
is suggested that decomposition of the resin at the 
lower temperatures is attended by more extensive 
decomposition of the cellulose. A long tear results 
which is interpreted as a long char length; however, 
the tear may well be due to decomposition of the 
cloth by the heat and action of the agent rather than 
to actual burning. Although the amount of cellulose 
decomposing to form gases is about the same in both 
cases, the rate of production and composition greatly 
affect the flammability of the gas mixture and there- 
fore the propagation of the flame. Both of these fac- 
tors influence the limits of flammability of the gaseous 
mixture, but probably more important is the produc- 
tion of active radicals to react with radicals from the 
oxidizing gaseous mixture and prevent propagation 
and end the chain. It was proposed that the produc- 
tion of bromine compounds (as from BAP) is in- 
strumental in reducing flammability of the evolved 
gases [5]. Probably with THPC, nitrogenous com- 
pounds are formed which will reduce the flammability 
of the gases. 

facts, 
it was believed possible to obtain from a mixture 
of the two polymers, BAP and THPC, a 
pounded finish that would have the advantages of 


From careful consideration of the above 


com- 
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both without excessively raising the add-on required. 

Preliminary work, in which a BAP finish was ap- 
plied over a THPC finish, proved that this was the 
case. Further work showed that the treatment 
could be applied from a single impregnating bath 
by mixing the BAP emulsion with the usual THPC 
formulation. The most effective results have been 
obtained by a finish containing about 65% of the 
THPC resin and 35% of the BAP polymer. The 
method of application and curing is the same as 
that used in the THPC process. Add-ons of about 
18% are required on 8- to 9-oz. fabrics for a high 
degree of permanent flame resistance. Lighter fab- 
rics, however, require a higher add-on to obtain 
maximum flame resistance. 

Possibly the cloth so obtained is more resistant 
toward burning than would be needed for many pur- 
poses. Figure 1 shows strips which have been 
treated by both the THPC and BAP methods as 
well as by the combined method, before laundering 
and after 12 launderings. The synergistic effect of 
the combination treatment is evident. 


Experimental 


Materials Used 


A THPC solution was prepared in the usual man- 
ner [2, 3] but at a higher concentration. The BAP 
emulsion was prepared as previously described [1]. 
Either the 33 or 40% emulsion may be used provided 
the concentration is adjusted accordingly. The com- 
bination single-bath, THPC-BAP emulsion was pre- 
pared in the following manner: 286 g. of tetrakis 
(hydroxymethyl) phosphonium chloride was dis- 
solved in 125 ml. of water, and 54 g. of triethanola- 
mine was added to the solution. A separate solution 
of 175 g. of urea dissolved in 375 ml. of water was 
made, and then 173 g. of Resloom HP * was dis- 
solved in this solution, and the two solutions were 
mixed. To the mixture was aded 810 ml. of 33% 
BAP emulsion [1] to which 12 g. of Flexol TWS * 
(tetrabutyl thiodisuccinate) had been added as a 
plasticizer. The use of triethanolamine as a stabiliz- 
ing agent keeps the treating bath usable for a period 
of about 8 hr. at room temperature. 

Vat-dyed 8.2-oz. twill and 8.5-oz. sateen were 
used for the heavier cotton fabrics, and kier-boiled 
and bleached 5.6-0z. 48 x 48 sheeting and 4-0z. 80 x 
80 print cloth were used for the lighter cotton fabrics. 


* The mention of trade products and firms does not imply 
their endorsement by the Department of Agriculture over 
similar products or firms not mentioned. 
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Treatment of Fabric 


The emulsion was padded onto 4 yd. of half-width 
twill and sateen using two dips and two nips to obtain 
an average wet add-on of 67%. The cloth was dried 
5 min. at 100° C. (212° F.) and cured 5 min. at 
140° C. (284° F.) in a vented hot-air oven. Excess 
resin was removed by a jig wash consisting of a cold 
rinse, a wash with 0.01% Igepon T* at 60° C. 
(140° F.), two rinses at the same temperature, and a 
cold rinse, using 10 ends in each step. After drying, 
the cloth was softened by applying a 3% solution of 
Triton X-400* to a 70% wet add-on and drying 
again. (This step could be eliminated by adding 
the softener to the final rinse of the jig wash). Resin 
add-on was 22% on the sateen, 19% on the twill. 

The sheeting and print cloth were treated simi- 
larly with resin add-ons of 18 and 25% to each. 


Properties of Treated Fabrics 
Testing Methods 


The treated fabrics were laundered according to 
Federal Specifications [6] by the Army Mobile 
Laundry Procedure, Method 5556, using Igepon T 
as the detergent and an acid fluoride sour following 
washing. Char length was determined by the ver- 
tical flame test, Method 5902, and tear strength by 
Pendulum (Elmendorf), Method 5132. Results 
given in the match test were determined in the fol- 
lowing manner: A strip of cloth 4 in. wide and 10 
in. long was suspended vertically in a draft-free area. 
Attempts were made to ignite it by a match or other 
small flame, the flame being held for a time judged 
by the operator to be optimum for lighting the sample 
(usually about 6 sec.). If the strip did not burn on 
removal of the flame, it was classed as “excellent.” 
If it flickered and burned but went out in the bottom 
3 or 4 in., it was classed as “good.” Strips which 
burned approximately half the length of the strip and 
those which burned completely were classed as “fair”’ 
and “fail,” respectively. Figure 1 shows the appear- 
ance of the strips after being subjected to this test. 


Properties of Fabrics 


The tear resistance and resistance to burning 
of the treated samples are given in Table I. Tests 
were made before laundering and after 1, 6, and 12 
launderings to determine the durability. Tear re- 
sistance before laundering was compared with the 
original untreated and unlaundered fabric; subse- 
quent comparisons were made with the untreated fab- 
ric after laundering the indicated number of times. 
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The durability of the flame-retardant finish on the 
heavier fabrics is good in the laundering test. After 
a more rigorous test, a two-hr. boil in a solution con- 
taining 1% standard laundry soap and 0.5% sodium 
carbonate, the sateen with 19% add-on still has a 
char length of only 3.7 in. in the vertical flame test. 
The fabric, however, will no longer pass the match 
test. Hydrolytic conditions in this test are believed 
to be much more severe than those involved in ordi- 
nary laundering. 


Discussion 


Cotton fabrics treated by this combination process 
have a very high degree of flame resistance. The 
match test already described appears to be a very 
rigorous test. In fact the flame resistance required 
to pass this test is probably much more than is 
needed for many textile uses. Accordingly a treat- 
ment of lower add-on may be applied by using more 
dilute solutions with corresponding savings in cost 
and with better textile properties in the product. 

With the lighter weight fabrics, a durable finish to 
pass all tests, including the match test, could not be 
obtained even with 25% add-on. It will be noted, 
however, from Table I, that the sheeting which failed 
the match test gave satisfactory results when tested 
by the vertical flame test. Such results are diffi- 
cult to obtain with durable flame-retardant finishes. 
In Table I, only the flame resistance and tear resist- 
ance of the fabrics are listed because these are the 
two properties which undergo marked change. 
Breaking strength is unaffected by the treatment. 
The hand of the fabric shows the added weight but 
is pleasant and seems somewhat better than that 
obtained with either the THPC or BAP alone. 

It may be noted that the effect on tear resistance 
varies with the type of fabric treated. The tear re- 
sistance of the 8-oz. twill is practically unaffected 


by the treatment. On the other hand, the sateen of 


about the same weight shows a marked loss initially 
when compared with the original untreated fabric. 
When both fabrics have been laundered a number 


of times, this difference decreases, and after 12 
launderings the tear resistance of the treated sateen 
is 90% of the untreated. The sheetings also show 
considerable loss of tear strength, particularly at the 


higher add-ons. 


Summary 


A durable fiame-retardant finish for cotton fabrics 
has been developed from a combination of two exist- 
ing finishes, namely the THPC resin and the bromo- 





TABLE I. 
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Properties of THPC-BAP-Treated Fabrics 


Elmendorf tear 
resistance—warp 





Fabric and 

% Add-on 
8.5-0z. Sateen 0 6.2 
22% Add-on 1 6.8 

6 4.9 

12 4.4 


4.4 
4.3 
3.6 
3.4 


Laundry 
cycles 


8.2-0z. Twill 
19% Add-on 


4.0-0z. Print cloth 
25% Add-on 


RAKO NAKO 


— ph bet 


4.0-oz. Print cloth 
18% Add-on 


~ 
ee 


5.6-0z. Sheeting 
25% Add-on 


NR NM dN bh 
wre as 


5.6-0z. Sheeting 
18% Add-on 


“nN oO 


3 
3 
2. 
2. 


mn 


form-triallyl phosphate polymer methods. The com- 
bination treatment imparts a high degree of flame re- 
A good but 
somewhat lower degree of flame resistance may be 
imparted to lighter fabrics by this combination treat- 
ment. 

The only major change in properties of the fabric, 
other than flame resistance, is tear resistance which 
is affected adversely to an extent dependent upon the 
type of fabric used. 


sistance to 8-oz. or heavier fabrics. 


The twill fabric used was prac- 
tically unaffected whereas the sateen, print cloth, and 
sheeting show some loss in tear resistance. 

Ex- 
cept for the treating bath, the procedure is the same 
as that used in the usual THPC finishing operation, 
that is, impregnation, drying, curing in a vented 
oven, followed by washing and softening. 


The finishing operations required are simple. 
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Bromine-Containing Phosphonitrilates 
as Flame Retardants for Cotton 
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, Abstract 


Bromine-containing derivatives of phosphonitrilic chloride were investigated as pos- 


sible durable flame retardants for cotton fabrics 


These, including brominated allyl 


phosphonitrilate, 2, 3-dibromopropyl phosphonitrilate, and the bromoform adduct polymer 
of allyl phosphonitrilate, were applied to cotton fabrics as polymeric products from or- 


ganic solvent or from aqueous emulsions. 


Evaluation tests on tear strength and the 


durability of the flame resistance to laundering were made. 


Some of the durable flame retardants for cotton 
fabric that have been proposed in recent years are 
polymeric materials containing phosphorus, along 
with either nitrogen or bromine, or both. It seemed 
possible that flame retardants of this type might be 
developed from phosphonitrilic chloride (PNCI,)n, 
as a starting material. This compound itself has 
been shown to act as a flame retardant. For ex- 
ample, Kauth [4] suggested the use of its polymers 
to make flame-resistant electrical insulation. The 
chief disadvantage of the polymeric phosphonitrilic 
chlorides as flame retardants for cotton fabrics is the 
ease with which they hydrolyze to yield acids that 
degrade the cellulose. Consequently, it was thought 
that some derivatives of the phosphonitrilic chloride 
in which the chlorine was replaced by other groups 
should be tried. This paper reports experiments on 
the preparation and application of flame retardants 
made by replacing most of the chlorine of phospho- 


nitrilic chloride with bromine-containing groups. 


Preparation and Application of Phosphonitrilate 
Flame Retardants 


The phosphonitrilic chloride used to prepare the 
esters was made by reacting phosphorus pentachloride 
with ammonium chloride by refluxing in tetrachloro- 
ethane as described by Schenck and Roemer [6]. 
The product used was a mixture containing the 
trimer and tetramer, which have the structures shown 
below. 


1 One of the laboratories of the Southern Utilization Re- 
search Branch, Agricultural Research Service, U.S. De- 
partment of Agriculture. 


N 
\Q i 
PCI. 


N=PCl, 
Cl.P 
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N N | 
P 
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PCI, 


Trimer Tetramer 


The trimer probably predominated in the mixture. 
Some of the later experiments were made with the 
pure trimer, obtained from a commercial company. 

The esters described below were formed by sub- 
stituting CH,=CHCH,O— and CH,BrCHBr- 
CH,O— groups for most of the chlorine atoms. 
Chemical analyses of the various ester products 
formed, see Table I, were in approximate agreement 
with the assumption that not more than one chlorine 
atom of the trimer or tetramer remained after esteri- 
fication. The analytical values indicated that the 
products were complex mixtures, and that some poly- 
merization and hydrolysis had occurred. 


Allyl Ester 


The allyl ester, abbreviated PNE, was made by 
reacting the phosphonitrilic chloride with sodium 
allylate by a procedure similar to that used by Smith 
and Elliott [7]. The product was a yellow syrup. 
Details of a typical preparation follow. 

Forty-nine grams of sodium metal was sliced thin 
and suspended in 1% liters of benzene in a 3-liter 
flask equipped with stirrer, reflux condenser, and 
separatory funnel. Allyl alcohol, 275 ml., was added 
dropwise with stirring until the sodium had gone 
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into solution. Heating on a water bath was neces- 
sary to force the reaction to completion. After cool- 
ing, 120 g. of the mixed trimeric and tetrameric 
PNCI, dissolved in 250 ml. of benzene was added 
dropwise with stirring and with external cooling to 
moderate the exothermic reaction which took place. 
The reaction mixture was set aside for several days 
to allow the salt to settle. The supernatant liquid 
was decanted and the salt layer filtered and washed 
once with fresh benzene. The combined benzene sol- 
utions were flash distilled under reduced pressure 
leaving a residue of yellowish syrupy liquid which 
was stored under vacuum for an additional two days. 
The final weight of the crude PNE was 118 g. (yield 
74% of theory). 

The crude PNE contained traces of salt and allyl 
alcohol. It could be purified by dissolving in a sol- 
vent such as carbon tetrachloride, washing with dilute 
aqueous calcium chloride solution, drying over 
anhydrous calcium chloride, and then stripping off 
the solvent. 

The PNE was brominated or reacted with bromo- 
form and the products applied to fabrics as described 
below. The PNE itself also showed some flame-re- 


tardant action when applied to cotton fabric. 
Brominated Allyl Ester 


The allyl ester product was brominated to various 
degrees by adding liquid bromine to PNE dissolved 
in benzene. The products, viscous liquids obtained 
by evaporation of the solvent, could be dissolved in 
benzene and emulsified in an aqueous solution of 
polyvinyl alcohol. Fabric was padded with these 
emulsions, air-dried until free of solvent, cured for 
10 min. at 140° C., washed and dried. An 8-oz. twill 
sample, processed with a 34% emulsion of partially 
brominated PNE, had a 12.7% dry add-on and was 
highly flame-resistant. 


2, 3-Dibromopropyl Ester 


This product was made by reacting the phospho- 
nitrilic chloride with 2, 3-dibromopropanol in pyri- 
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dine. Details of its preparation and application to 
cotton fabric have been described in a patent by 
Hamalainen [3]. Application of the 2, 3-dibromo- 
propyl ester from acetone solution to &-oz. twill gave 
good flame resistance that was durable to boiling in 
soap and soda. Since application from solvent would 
have practical disadvantages, the ester was emulsi- 
fied by dissolving in chloroform and dispersing in 
water containing polyvinyl alcohol, forming a 31% 
emulsion. An 8-oz. twill sample with a 16.7% 
add-on was prepared by padding and air-drying. 
It showed good original flame resistance but failed in 
the standard vertical test after five detergent launder- 
ings. Attempts to obtain durability by curing re- 
sulted in lowered tear strength. 

Since fabric treated with the 2, 3-dibromopropyl 
ester product had a very rubbery hand which would 
be objectionable for many uses, work on improving 
this by combination with crease-proofing resin treat- 
ments was explored. The hand and flame resistance 
of the fabric was improved, but tear strength was 
adversely affected. 


Bromoform Adduct of the Allyl Ester 


The bromoform adduct of the allyl ester PNE was 
prepared by a procedure similar to that described by 
Frick and Weaver [1, 2] for the preparation of a 
flame retardant made by telomerization of triallyl 
phosphate with bromoform. 
preparation follow. 

The following materials were used. 

15.9 g. PNE 

10.2 g. bromoform 

30.0 g. of 2% polyvinyl alcohol in water 
1.5 g. sodium bicarbonate 


Details of a typical 


0.5 g. potassium persulfate 
28.6 g. water 
The PNE were added to 
reaction flask and stirred until homogeneous. 


the 
The 
polyvinyl alcohol solution was then added with con- 
tinuous stirring, followed by the sodium bicarbonate 
dissolved in most of the water and the potassium 


and bromoform 





TABLE I. Analyses of Various Phosphonitrilate Products 


Percentage 





Type of product 


Phosphonitrilic chloride (trimer) 
Allyl ester 

Partially brominated allyl ester 
Fully brominated allyl ester 
2,3-Dibromopropyl] ester 


Br Cl 





Fepruary, 1956 


TABLE II. 


Flame tests 





Char 
length 
(in.) 


Add-on 
(%) 


Wt. ratio 
PNE/CHBr; 


1:0.96 12.9 180 4.8 
1:0.64 11.5 180 4.7 
1:0.32 10.1 135 
PNE only 8.5 90 


Angle* 
(deg.) 


4. 
4. 


Evaluation of Fabric Treated with PNE-Bromoform Adduct Flame Retardant 


Tear strength 
retention (%) 


Chemical analyses 
(%) 





Elmendorf Trapezoid N P Br 


74 83 
81 94 
84 89 
119 84 


0.65 
0.64 
0.65 
0.71 


1.37 
1.38 
1.38 
1.50 


* Angle at which 1-cm. strip fails to support combustion when held at the angle indicated and ignited at the end with a 
g I PE 


match ([5], p. 529). 
¢ A.A.T.C.C. Standard Test Method 34-52. 


persulfate added with the rest of the water. The mix- 
ture was stirred for 1 hr., holding the temperature 
at 80° to 85° C. and the pH between 6 and 7 with 
additional bicarbonate, if necessary. Heating longer 
than 1 hr. usually resulted in a curdy emulsion that 
was unsatisfactory for application to fabric. 

The emulsion just described, containing 30% by 
weight of the monomers, was padded on 8-oz. twill 
using two dips and two nips to a wet add-on of 
about 69%. The fabric was then dried for 10 min. 
at 110° C., cured for 6 min. at 140° C., washed and 
air-dried. The dry add-on was about 11%. The 
char length in the standard vertical test by A.A.T.C.C. 
Standard Test Method 34-52 was 3.9 in., and this 
was maintained through six detergent launderings 
by the method described in Federal Specifications 
CCC-T-191b, Test No. 5556. The trapezoid tear 
strength was essentially unchanged by the treatment, 





while the Elmendorf tear strength was 77% of that 
of the untreated fabric. The six launderings did 
not appreciably alter the tear strength. 

A series of adduct emulsions were prepared hav- 
ing different ratios of PNE to bromoform and ap- 
plied to 8-oz. twill. A control treatment with PNE 
alone was also applied. The evaluation data for 
The re- 
sults show that a very high degree of flame resistance, 


these fabric samples are given in Table II. 


as indicated by the strip test [5], may be obtained 
with about 12% dry add-on of the PNE-bromoform 
adduct. 

The possibility of using chloroform instead of 
bromoform in the emulsion telomerization of PNE 
was explored, but the fabrics produced did not pass 
the standard vertical test owing in part to a low 
add-on of 7% 


or less. Analyses of the fabrics for 


chlorine indicated little reaction with the chloroform. 


TABLE III. Comparison of Bromine-Containing Phosphonitrilate Flame-Retardants on 8-oz. Twill 


Add-on 
(%) 
12.7 


Treatment 


Partially brominated None 


PNE 


2,3-dibromopropyl None 


ester 


PNE-CHBr; 
Adduct 
Wt. ratio 1:0.96 


None 


Laundering 


Alk. soap* 
Detergentt 


Alk. soap 
Detergent 


Alk. soap 
Detergent 


Tear strength retained Flame tests 


Elmen- 
dorf 
(%) 


Char 
length§ 
(in.) 


Trape- 
zoid Anglet 
(%) 


/0 (deg.) 


56 65 180 
70 63 0 
54 67 180 


79 90 180 
103 124 45 
82 123 180 


90 180 
116 135 B.E.L. 
4 109 135 5.4 


* Boiled for 3 hr. in water containing 1% soap and 0.5% sodium carbonate. 
¢ After 15 launderings with a detergent followed by fluoride sour as described in Federal Specifications CCC-T-191b Test 


No. 5556. 


t Angle at which 1-cm. strip fails to support combustion when held at angle indicated and ignited at end with match ((5], 


page 529). 
§ A.A.T.C.C. Standard Test Method 34-52. 
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Comparison of Bromine-Containing Phospho- 
nitrilate Flame Retardants 


A comparison of the partially brominated PNE, 
the 2, 3-dibromopropyl ester, and the bromoform ad- 
duct of PNE was made on 8-oz. twill. The partially 
brominated allyl ester was prepared by adding liquid 
bromine to PNE in benzene in an amount sufficient 
to react with half of the allyl groups and applied from 
34% emulsion. The 2, 3-dibromopropyl ester was 
applied by padding with a 31% emulsion and the 
fabric air-dried, cured 10 min. at 140° C., washed and 
dried. The bromoform adduct of PNE was applied 
from a 30% emulsion, followed by drying for 10 min. 
at 110° C., curing for 6 min. at 140° C., washing and 
drying. The resulting three fabric samples were 
evaluated for flame resistance, tear strength, and 
durability of the flame resistance to laundering. 
The results are given in Table III. 

It will be noted that although the flame resistance 
of none of the samples was durable to boiling in an 
alkaline soap solution for 3 hr. on the basis of the 
standard vertical test, all three samples behaved 
satisfactorily after 15 detergent launderings. On the 
basis of angle strip test, the PNE-bromoform ad- 
duct showed the best resistance to the alkaline soap 
boil and good resistance to detergent laundering. 


Summary 


Various bromine-containing phosphonitrilate ma- 
terials, namely brominated allyl phosphonitrilate, 
2, 3-dibromopropyl phosphonitrilate, and the bromo- 
form adduct polymer of allyl phosphonitrilate, have 
been prepared and shown to be effective, durable 
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flame retardants for cotton fabric. Laboratory ex- 
periments with these materials indicate that the 
bromoform adduct polymer of allyl phosphonitrilate 
might be suitable for trials on a larger scale. 
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Cotton Made Flame-Resistant with Bromine- 
Containing Phosphonitrilates in Combination 
with THPC Resins 


Carl Hamalainen, Wilson A. Reeves, and John D. Guthrie 


Southern Regional Research Laboratory,’ New Orleans, Louisiana 


Abstract 


A permanent-type flame retardant based on a bromoform adduct polymer of allyl 
phosphonitrilate in combination with THPC resin has been developed for use with cot- 


ton fabrics. 


The combination flame retardant is applied to fabrics from aqueous emul- 
sion using conventional textile finishing equipment. 


The flame retardant is very effi- 


cient; 8-oz. twill and sateen are made highly flame-resistant with as little as 13% resin 


add-on. 


A GOOD permanent-type flame retardant for cot- 
ton should possess several desirable properties or at- 
tributes. No one factor alone can make it a com- 
pletely satisfactory flame retardant. It should be 
durable to laundering with either the soap and soda- 


type wash or with “synthetic” detergents; it should 
make the textile glow-resistant, which in some cases 
may be as important as flame resistance ; it should not 
detract significantly from the desirable properties of 
the fabric; it must not cause dermatitis or be toxic 
in any way to the person wearing garments treated 
with it ; and it should be efficient as a flame retardant, 
making the textile adequately flame- and glow-re- 
sistant with a low weight increase. Heretofore, 


permanent-type flame retardants have been com- 
mercially acceptable for some uses, even if they in- 
creased the weight of the fabric by as much as 50%. 
The use of THPC * resins [4] has been an important 
step in reducing the weight increase necessary for 
adequate flame resistance. 

The amount of flame resistance needed in a fabric 
is dependent upon end use. For some uses, a textile 
that passes a mild test, such as the Commercial 
Standards flame test [1], is sufficiently flame-re- 
sistant. Many textiles must pass a more severe 
test, such as the vertical flame test [6], before they 


are considered adequately flame-resistant. Then for 


1 One of the laboratories of the Southern Utilization Re- 
search Branch, Agricultural Research Service, U.S. De- 
partment of Agriculture. 


*Tetrakis (hydroxymethyl) 
(HOCH,) , PCI. 


phosphonium _ chloride, 


some uses one might want the fabric to be so flame- 
resistant that it will not burn when a narrow strip is 
held in an open flame. 

THPC resins penetrate cotton fibers. Since only 
a limited amount can go inside a fiber, surface depo- 
sition occurs with high concentration of resin-form- 
ing solutions causing loss in strength and flexibility. 
Therefore, the maximum practical degree of flame 
resistance that can be obtained with THPC resins 
is limited. Although most fabrics can be made suffi- 
ciently flame-resistant with the resin to pass the ver- 
tical flame test, only loosely constructed fabrics such 
as blanket material or heavy belting materials fail 
to burn when narrow strips are exposed to an open 
flame. It has not been possible to make some light- 
weight or tightly constructed fabrics sufficiently 
flame-resistant to pass the vertical flame test without 
imparting excessive stiffness. 

The degree of flame resistance of a particular cot- 
ton fabric is dependent upon the amount of flame re- 
tardant either in the fibers or on the surface of the 
fibers. Therefore, the degree of flame resistance of 
THPC-resin-treated fabric should be increased by 
depositing an efficient flame-retardant polymer on 
the surface of THPC-resin-treated fibers. If the 
polymer were flexible, the fabric would not be made 
This idea was first tried 
by applying 2, 3-dibromopropy! phosphonitrilate [2] 
to a THPC-resin-treated fabric. 
tremely flame-resistant. 


excessively weak and stiff. 


The fabric was ex- 
Narrow strips would not 
burn. A number of other surface-coating flame-re- 


tardant polymers were tried in combination with 
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THPC resins. A bromoform adduct polymer of 
allyl phosphonitrilate was found to be most efficient. 
The purpose of the present paper is to report a 
combination flame retardant based upon TH PC resin 
and a bromoform adduct polymer of allyl phos- 
phonitrilate. 


Method 


The mechanics of finishing with the combination 
flame retardant are essentially the same as that for 
THPC resin alone [4]. The main difference is in 
the preparation of the treating solution. The THPC- 
resin-forming solution is made and then the emul- 
sion-containing brominated phosphonitrilate is added 
to the solution. An emulsion is formed that is stable 
for several hours, but for optimum effects it should 
be used immediately after preparation. 

The amount of the flame retardant needed on a 
particular fabric will depend upon the weight and 
construction of the fabric. The required amount 
can be established by a preliminary or pilot appli- 
cation. The wet pickup which controls the final 
resin add-on for the particular fabric should also be 
established by pilot run. The amount deposited on 
the textile material can be controlled by varying the 
concentration of the flame retardant in the emulsion. 
It is recommended that a tight squeeze roll setting 
be used for padding the fabrics. 


Materials 


The preparation of bromoform adduct polymer of 
allyl phosphonitrilate (PNE-CHBr,) in aqueous 
emulsion is described in this issue by Hamalainen and 
Guthrie [3]. The emulsion used most and found to 
be satisfactory for combining with THPC-resin- 
forming solution is the emulsion containing 30 to 
31% PNE-CHBr, made from 1 part PNE (allyl 
phosphonitrilate) per 0.64 part bromoform. Emul- 
sions containing both THPC-resin-forming materials 
and PNE-CHBr, are prepared by adding the re- 
quired amount of PNE-CHBr, emulsion to the 
THPC-resin-forming solution. The final emulsions 
containing both flame retardants are referred to as 


THPC-PNE-CHBr, emulsions. 
Procedure 


No one emulsion is suitable for all textiles, but an 


adequate emulsion can be prepared by varying the 
amount of water in the typical emulsion described 
here. 

First, dissolve 124 g. THPC in 124 g. water and 
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add 18 g. triethanolamine to the solution. Then dis- 
solve 78 g. trimethylolmelamine and 78 g. urea in 
328 g. water and combine the two solutions to form 
a clear THPC-resin-forming solution. Stir in 250 g. 
of an emulsion containing 30% of the bromine-con- 
taining phosphonitrilate. This combined emulsion 
is used in the finishing process. 
is or diluted with 


It can be used as 
water. The fabric is padded 
through the emulsion using two dips and two nips 
and then dried at 80° to 90° C. It is cured 5 to 6 
min. at 140° to 145° C., washed to remove salts and 
unused reagents, and dried by any convenient method. 
A loop dryer is suggested to minimize tension on the 
fabric during the drying and curing cycles. The 
drying time will depend upon the weight and con- 
struction of the fabric, lightweight material drying 
in 3 to 4 min., and heavy material requiring up to 12 
min. If the fabric is thoroughly dry, curing can be 
completed in 4 min. for lightweight fabrics and in 
about 7 min. for heavier fabrics. About 5 to 6 min. 
are required for 8-oz. twill and sateen. 

The drying and curing oven should be well vented 
to remove formaldehyde and other fumes. A tex- 
tile softener may be applied in the final rinse. A 
softener usually improves both the hand and tear 
strength. 


Most Suitable Concentration of the 
Flame Retardants 


Emulsions containing various amounts of each 
flame retardant were applied to 8-oz. twill and sateen 
in order to determine the optimum ratio of each in 
the combination which produced the most flame re- 
sistance with the least weight add-on and which was 
most durable to laundering. In these experiments 
the THPC-resin-forming solution contained 15.8% 
THPC, 10% trimethylolmelamine, 10% urea, and 
2.5% iriethanolamine (TEA). The bromine-con- 
taining emulsion contained 30% PNE-CHBr,. The 
treating emulsions were made to contain 50 to 90 
parts THPC-resin-forming solution and 10 to 50 
parts PNE-CHBr, emulsion. For example, a 90: 10 
ratio was made by combining 90 g. of the THPC- 
resin-forming solution with 10 g. of the PNE-CHBr, 
emulsion. In all cases the fabrics were padded 
through the solution using two dips and two nips, 
dried 5 to 6 min. at 85° C., cured 5 to 6 min. at 
140° C., and then washed and dried. 

The finished fabrics were given the strip flame test 
({5] p. 529) and the standard vertical flame test 
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[6] before laundering and again after they had been 
laundered 15 times according to Federal Specifica- 
tions CCC-T-191b, Test No. 5556. The results 
summarized in Table I show that with an 85-15 
emulsion combination a resin add-on of 17% was 
necessary on 8-oz. twill for it te pass both the verti- 
cal flame test and the 180° strip flame test after 15 
launderings. With the same emulsion an add-on of 
18% was required for the sateen. (The resin add-on 
values are apparent and not real since they were ob- 
tained by weight changes in the equilibrated fabrics 
before and after resin treatment and not by analysis. 
Changes in moisture regain would alter the values 
somewhat.) With an 80—20 emulsion combination, 
8-oz. twill and sateen required 16% resin add-on to 
withstand 15 launderings. About 15.5% resin add-on 
was the lowest found satisfactory on twill or sateen to 
withstand 15 launderings and retain its flame re- 
sistance. This was obtained with the 70-30 emulsion 
combination. The 50-50 combination was slightly 
less effective than the 70-30 combination. At the 


TABLE I. 


Treating solution composition 


PNE- 

CHBr; 

emul- 
sion 


THPC 
resin- 
forming 
solution 
(wt. %) (wt. %) 


Sample 
desig- 
nation 


Fabric 


type (%) 


/O 
Twill 85 15 17.1 
15.1 
12. 


Sateen : 18.5 
16.: 
14. 


17. 
14. 
11. 


10 Sateen 18.5 
11 15. 
12 14. 


13 d 16. 
14 14.5 


15 12. 


16 Sateen ‘ 16.3 


17 14.4 
18 12.8 


Resin 
add-on 
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other extreme, fabric treated with the 90-10 emulsion 
was just slightly more flame-resistant than when 
With 
the use of either the 80-20 or the 70-30 emulsions, 
resin add-on as low as 13% 
twill 
laundering. 


THPC-resin-forming solution was used alone. 


was sufficient for both 


and sateen to pass both flame tests before 


Treatment of Fabric 


In order to obtain samples large enough for more 
complete laboratory evaluation, two pieces of sateen 
(8.5 oz.) about 18 in. wide and 10 yd. long were 
treated with the emulsions described below. 


Emulsion X 


A THPC-PNE-CHBr, emulsion was prepared by 
mixing 542 g. of 31% PNE-CHBr, adduct emulsion 
with 1381 g. of THPC-resin-forming solution con- 
taining 18.1% THPC, 11.5% 
11.5% urea, and 2.9% TEA. 


emulsion combination. 


trimethylolmelamine, 


This is about a 75-25 


Effects of THPC-PNE-CHBr; Emulsions on Flame Resistance of 8-o0z. Twill and Sateen 


Flame resistance 


Original fabric After 15 launderingst 


Char 
length 
(in.) 


Char 
lengtht 


Angle (in Angle 


180 3.8 180 
180 1.9 135 
135 BEL 90 
180 180 
180 135 
180 90 


180 
180 
180 


180 
135 
135 


180 
180 
180 


180 
180 
135 


180 
180 
180 


180 
180 
135 


180 180 
3. 180 3. 135 
8 180 9 90 


* Angle at which 1-cm. strip fails to support combustion when held at angle indicated and ignited at end with match 


({4], p. 529). 


t After 15 launderings with a detergent as described in Federal Specifications CCC-T-191b, Test No. 5556. 


$A.A.T.C.C. Standard Test Method 34-52. 





148 


TABLE II. Test Results on THPC-PNE-CHBr,; Emulsion- 


Treated Fabrics before Laundering 
Fabric with 


18.0% 
resin 


5 70 
15.7% 
resin 


Untreated 
control 


11.5 5.8 6.2 
Ba 8.8 8.6 
13.3 8.4 9.1 
Filling 19.3 13.0 14.3 
Warp 110.7 114.8 106.4 
Filling 137.5 126.8 121.0 
Warp 17 65 57 

Filling 16 38 38 


Direction 
of test 
Warp 
Filling 
Warp 


Test 
Elmendorf tear 
(Ib.) 
Trapezoid tear 
(Ib.) 
Breaking strength 
(Ib.) 
Stiffness 
(X 104 in. Ib.) 
Abrasion 
flex (cycles) Warp : 454 430 
Filling 662 520 
Flat (cycles) 7 768 580 
Crease resistance Warp . 59 66 
(% recovery) Filling 5 53 52 
Char length (in.) Warp 3.1 3.6 
Afterglow (sec.) None None 


* A.C. = above capacity of machine. 


Emulsion Y 


After emulsion X had been used to treat one 
piece of sateen, 10 g. of water was added to each 
90 g. of the emulsion remaining to make emulsion Y. 

A 10-yd. sample of sateen was treated in emulsion 
X and then another 10-yd. sample was treated with 
emulsion Y. In each case the fabrics were padded 
using two dips and two nips, dried 5 min. at 85° to 
90° C., cured 7 min. at 144° C., 
Emulsion-X-treated 


and 


washed and dried. 
contained 18% resin 
emulsion- Y -treated contained 
15.7% resin add-on. The major part of both of these 
samples was softened with Triton X-400* by pad- 
ding the resin-treated fabric through 4% solution of 
Triton X-400 to a wet pickup of 50% and then dry- 


ing. 


fabric 


add-on fabric 


Properties of the Flame-Resistant Fabric 


The results shown in Tables II and III indicate 
that the tear strength and flex abrasion are the two 
properties affected most by the flame retardant. 
However, the amount of tear-strength loss is de- 


pendent upon the fabric treated. That is, some fab- 


rics lose considerable tear strength, as exemplified by 


the 8-oz. sateen, while other materials lose little or 
no strength. For example, 8-oz. twill generally re- 
tains 100% Elmendorf tear strength after softening. 

* Mention of trade names is for information and conven- 
ience only and does not imply their endorsement over ma- 
terials not mentioned. 
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The two pieces of sateen had a good hand and 
were extremely flame-resistant before and after 15 
launderings. Chemical analyses on portions before 
and after 15 launderings with Igepon T*, showed that 
an average of 15% of the bromine and nitrogen and 
14% of the phosphorus was removed. The flame 
resistance was less durable to alkaline soap washes. 
About 25% of the flame retardant, based on analysis, 
was removed by boiling a piece of the treated fabric 
in an aqueous solution containing 1% soap and 0.2% 
sodium carbonate. 


Summary 


A combination flame retardant based upon THPC 
resin and a bromoform adduct polymer of allyl phos- 
phonitrilate has been developed. Fabric is treated by 
padding it through a mixture of the flame retardants, 
then drying and curing at an elevated temperature. 
The emulsion of the flame retardants is produced 
by adding a bromoform-adduct-polymer emulsion to 
a THPC-resin-forming solution. 

The THPC resin penetrates the fibers, and the ad- 
duct polymer is deposited on the surface. This com- 
bination is especially valuable for treating medium- 
and lightweight fabrics which are most difficult to 


make highly flame-resistant. These fabrics can be 


TABLE III. Test Results on THPC-PNE-CHBr; Emulsion- 
Treated Fabrics after 5, 10, and 15 Launderings 


No. of 
times 
laun- 
dered 


Fabric with 


18% 
resin 
12.9 6.5 
Filling AX." 11.1 
10 Warp iy 7.7 
Filling AAG, 10. 
( 


15.7% 


resin 


Untreated 
control 


Direction 
of test 


Warp 


Test 


Elmendorf 5 
tear (Ib.) 


Warp 9.8 i. 
Filling 12.5 10. 


wr w wh 


Warp 
Filling 


13.6 9.0 
20.8 12.2 
Warp 13.6 9.0 
Filling rie 13.5 
Warp a 9.1 
Filling 


Trapezoid 
tear (Ib.) 


Char length 
(in.) 


Afterflame in 5 
strip test 1¢ 


(sec. ) 15 


* A.C. = above capacity of machine. 
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made so flame-resistant that 14-in. strips of the fabric 
will not burn when held in the vertical position and 
ignited at the bottom. The combination flame retard- 
ant is more efficient than the THPC resin; that is, 
fabrics can be made more flame-resistant with less 
weight add-on. 

The flame-resistant finish withstands at least 15 
launderings with Igepon T. Treated fabrics have a 
good hand and appearance. Tear-strength retention 
is excellent with 8-oz. twill but is only fair with 8-oz. 
sateen. 
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Variables of Cure in the Resin Finishing of Cotton 


S. H. Foster 


Textile Application Research Laboratory, Plastics Division, 
Monsanto Chemical Company, Springfield, Mass. 


Wir the growing importance of the “wash and 
wear” fabrics, a better understanding of the chemistry 
involved in the reaction of the resins used is be- 
coming more and more desirable, or even necessary. 
Such knowledge not only will help the finisher do a 
superior job, but also may point the way to new and 
improved resins that will give better wash and wear 
fabrics. 

The work covered herein is in the nature of a 
progress report. There is still much to be done; 
many questions are yet to be answered. 

When one treats a cotton fabric with a resin, there 
is a tremendous number of possible variables, both 
in the cloth being treated, and in conditions of treat- 
ment and testing. In order to determine the effect 
of some of these, a “series method” of evaluation 
has been used wherein one variable is examined at a 
number of different resin solids levels. This is not 
a new idea and has been used by other investigators 
in the textile field. 

The effect of curing conditions on the wrinkle re- 


covery, tensile loss, and tear loss of fabric was stud- 
ied. In this case, the fabric was an 80 X 72 (actual 
count) pure finish cotton. The resins used in the 
treatments were a dimethylol cyclic ethylene urea and 
a methylated methylolmelamine. 

Wrinkle recovery is but one of the important prop- 
erties in wash and wear cotton. The mechanism by 
which: the wrinkle recovery is improved by the use of 
resins has been the subject of debate for some time 
and is ably discussed by Nuessle, Fineman, and 
Heiges [1]. The results of the work described be- 
low, however, are consistent with the hypothesis that 
the cross-linking of neighboring cellulose chains is 
the dominant mechanism in improving the wrinkle re- 
covery of cotton. This view has been helpful in un 
derstanding the difference in performance between 
the cyclic ethylene-urea resin and the melamine 
resin. 

The variables of cure investigated in this work 
were the temperature of cure, the time of cure, and 
the amount of catalyst. 
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In the series method, fabric samples are treated 
with increasing amounts of resin solids, usually 
2, 4, 6, 8, 10, and 15% solids-on, with the amount of 
catalyst taken as a percentage of the resin used. The 
drying time is constant at 3 min. at 200° F. The 
curing operation is varied with respect to temperature 
and time. For example, a run might be made with 
0, 2, 4, 6, 8, 10, and 15% of resin solids, using 10% 
of an organic amine catalyst on the weight of the 
resin solids. All samples would be impregnated, 
padded, framed under mild tension, and dried at 
200° F. for 3 min., followed by curing at 310° F. for 
3 min. Before testing, all samples are given a re- 
finish wash ' and conditioned overnight. In plotting 
the data, warp plus fill wrinkle recovery is plotted 
versus solids-on. Similarly, warp plus fill tensile and 
tear are plotted. 

Wrinkle 
wrinkle recovery tester. 


run on the Monsanto 
Tensile was run on a J-2 
type Scott, and tear was measured on the Elmendorf 
tear tester. 

It should be emphasized that the treatments are 
not designed to represent practical mill formulations, 
since in all experiments just resin and catalyst were 
used with no softener or stiffener included. The 
work was carried out to study the effect of the resin 
alone on cotton without complicating it further by 
using other additives. 


recovery was 


The work discussed here is limited to a comparison 
of the behavior and performance of just two resins: 
a dimethylol cyclic ethylene urea (CEU) and a 
methylated trimethylolmelamine (TMM). In Fig- 
ure 1 are the formulas of these two products. The 
cyclic ethylene urea (CEU) is believed to be as 
shown. The melamine resin is probably advanced 
to a slight degree, i.e., some of the melamine nuclei 





HC 


nibs 


a rat 


: re 


CH, O CH, NH-C¢ GCNHGH,OCH, 
\,7 


TRIMETH YLOL 


Hy 


NCHOH NHGH,OCH, 


OIMETHYLO creLic 
ETHYLENE UREA 


CEU 


METHYLATED 
MELAMINE 


IMM 


Fig. 1. Resin formulas. 


1 The refinish wash used here is 10 min. at 100° F. with 
an alkyl aryl sulfonate followed by two 10-min. rinses at 
100° F. 
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are perhaps joined together in pairs and perhaps a 
lesser number of triplets. Both of these products 
can penetrate the cellulose, but because of its smaller 
average size the CEU will probably penetrate more 
readily. In addition, the melamine can react with 
itself to form a high polymer, while the CEU is be- 
lieved not to react with itself to any appreciable ex- 
tent. Asa result, a fabric treated with a melamine 
resin will have a “crisper” hand, if you will, al- 
though there is no measureable increase in drape 
stiffness up to 15% resin solids, as measured by the 
Cantilever stiffness test. 

In Figure 2 is a typical wrinkle recovery curve, 
showing the performance of the melamine resin cured 
3 min. at 310° F. Two operators carried out the 
treatments and tests independently. Excellent agree- 
ment was obtained. Tensile and tear curves showed 
similar good agreement. 


The Effect of Curing Temperature 


The effect of curing temperature on CEU-treated 
fabrics was investigated. All samples were cured 
for 3 min. using 10% organic amine-type catalyst 
based on resin solids, and all were given a refinish 
wash. It will be noted in Figure 3 that above a 
cure temperature of 290° F. the wrinkle recovery is 
pretty much independent of curing temperature ex- 
cept at a solids add-on under 1 to 2%. The in- 
flection in the curve is debatable, but at borderline 
curing conditions this dip at 1 to 2% solids occurred 
time and time again. The wrinkle recovery appears 
to level off pretty much around 290° (warp plus fill). 

In Figure 4 are the tensile tests on the same treat- 
ments. Much the same pattern as with wrinkle re- 
covery is followed with the 270° F. cure showing less 
tensile loss than the treatments at higher cure tem- 
peratures, just as the 270° F. cure gave the lowest 
wrinkle recovery. In Figure 5 is the tear strength, 
and again the same pattern. 

The effect of cure temperature on fabrics treated 
with a melamine resin (TMM) is shown in Figure 
6.- A 3-min. cure time with 10% catalyst on the 
resin solids was used. These curves suggest that 
the melamine resin cures less readily than CEU. 


At 9% solids and a 330° F. cure temperature, 


wrinkle recovery of about 250° to 255° has been at- 
tained. A 275° level is reached at about 13% solids, 
after a refinish wash. The cyclic ethylene-urea resin, 
on the other hand, reached a 275° wrinkle recovery 
at 9% solids and a 290° F. cure. 


In Figure 7 is shown a comparison of the two 
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‘WRINKLE RECOVERY VS. SOLIS A00-0n TEAR STRENGTH VS SOLIDS ADD-ON 
COMPARISON OF TWO WORKERS CEU CURED 3 MIN WITH 10% CATALYST 
TMM AT BO FOR 8 MIN 


Fig. 5. 


WRINKLE RECOVERY VS SOLIDS ADD-ON 


WRIN’ VERY Vv 10S ADD-ON 
en ve gg ssa tae TMM CURED 3 MIN WITH 10% CATALYST 


CEu CURED 3 MIN WITH 10% gfmever 


Fig. 3. 


TENSILE STRENGTH VS SOLIDS ADD-ON WRINKLE RECOVERY VS SOLIDS ADD-ON 
CEU CURED 3 MIN WITH 10% CATALYST cev @ TMM CURED 3 MIN AT 310° 


_—o CEU 


ll Tu? 
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resins that have been cured at 310° F. for 3 min. 

Figure 8 compares the tensile strength of fabrics 
treated with the melamine resin (TMM) and cured 
at different temperatures. 

Although the wrinkle recovery of the TMM- 
treated fabrics did not attain as high a level as the 
CEU, the tensile loss is not as great, as shown in 
Figure 9, which compares the tensile strength of 
fabrics treated 
310° F. 

The tear strength shown in Figure 10 compares 
the two resins again cured 3 min. at 310° F. The 
tear loss is essentially the same for the two resins. 

It may be concluded from this that with the cyclic 
ethylene-urea resin, a 290° F. cure gives as good 
wrinkle recovery as 330° F., while the 330° F. 
is better for TMM. 


with the two resins and cured at 


cure 


The Effect of Increasing Catalyst Concentration 


The effect of varying the catalyst concentration 
was next investigated at 5, 10, 30, and 50% catalyst 
on CEU resin solids, and a curing temperature of 


290° F. 


\bove 3% resin solids-on, an increase in 


catalyst does not help to increase wrinkle recovery 


as long as the catalyst is present at a 10% level, as 
shown in Figure 11. The CEU treatment cured at 
330° F. with 30% catalyst is indistinguishable from 
the 290° F. cure with 30% catalyst. 

One possible explanation for the inflection in the 
wrinkle recovery curve is that at low resin solids the 
amount of catalyst becomes critical since the amount 


of catalyst is taken as a constant percentage of resin 


TENSILE STRENGTH VS. SOLIDS ADD-ON 
TMM CURED 3 MIN WITH 10% CATALYST 
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TENSILE STRENGTH VS SOLIDS ADD-ON 
CEU & TMM CURED 3 MIN AT 310° 


Fig. 9. 


solids. When curing conditions approach border- 
line with respect to both temperature and absolute 
amount of catalyst, then the wrinkle recovery is less 
than anticipated at the low solids add-on. 

In Figure 12 is shown a comparison of the tensile 
strength loss of treatments cured at 290° and 330° 
with varying amounts of catalyst. The solid lines are 
for the 290° cure and the broken for the 330° F. 
cure. Although there was no improvement in 
wrinkle recovery with increasing catalyst, the tensile 
loss does increase somewhat. The tear strength fol- 
lows this same pattern, as shown in Figure 13. We 
see then that with the CEU treatment, as catalyst 
concentration is increased there is some loss in ten- 
sile and tear without a corresponding gain in. wrinkle 
recovery. 

Fabric treated with TMM is perhaps a little more 
sensitive to catalyst concentration, as shown in Fig- 
ure 14, although the difference in wrinkle recovery 
between 10 and 30% is slight. If, however, a similar 
series is run at a 330° F. cure temperature, there is 
a slight increase owing to increased catalyst, and the 
effect of raising the cure temperature is again much 
more pronounced in raising the wrinkle recovery of 
TMM than is the case with CEU. A 275° to 280 
wringle recovery is obtained at about 14% solids 
add-on. The dotted lines indicate the wrinkle re- 
covery of samples cured at 290° F., and the solid 
lines represent samples cured at 330° F. 

The tensile strength follows somewhat the same 
pattern, as shown in Figure 15. 

The tear strength is apparently little affected by 
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catalyst quantity, whereas the increased temperature 
reduces tear strength to some extent, as shown in 
Figure 16. 


The Effect of Time of Cure 


What now is the effect of curing time on fabric 
properties? Where curing conditions with respect 
to temperature are borderline (around 290° F.) 
does increasing the curing time have any effect? 

Two groups were run with CEU with a curing 
temperature of 290° F. In one group 10% catalyst 
on resin solids was used, while 30% catalyst was 
used in the second series. Three series of increasing 
solids were run in each group with a cure time of 144, 
3, and 6 min. Under these conditions no difference 
could be detected in wrinkle recovery, tensile loss, 
or tear loss. The points for wrinkle recovery and 
tensile strength of CEU treatments are shown in 
Figures 17, 18. There is some scatter but no con- 
sistent pattern. In other words, increasing the time 
of cure from 144 to 6 min. has no effect on wrinkle 
recovery, tensile loss, or tear loss. 


In the case of melamine-treated fabrics there ap- 


peared to be a slight effect owing to increasing the 
catalyst from 10 to 30% as demonstrated earlier, but 
no effect owing to increasing the time from 1% to 
6 min. The points for wrinkle recovery are shown 
in Figure 19. 


The Effect of Washing 
Using the curing conditions that have been estab- 


lished as most favorable, the effect of five cotton 


TEAR STRENGTH VS SOLIDS ADD-ON 
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WRINKLE RECOVERY VS SOLIDS ADD-ON 
CEU CURED AT 290° WITH 10% @ 30% CATALYST 
TIME OF CURE VARIED 


Fig. 17. 


TENSILE STRENGTH VS. SOLIDS ADD-ON 
CEU CURED AT 290° WITH 10% 8 30% CATALYST 


TIME OF CURE VARIED 


Fig. 18. 


WRINKLE RECOVERY VS SOLIDS ADD-ON 
TMM CURED AT 290° WITH 10% @ 30% CATALYST 
TIME OF CURED VARIED 
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EFFECT OF FIVE COTTON WASHES 
WRINKLE RECOVERY VS SOLIDS ADD-ON 
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Fig. 20. 


washes * on the resin-treated fabric was then deter- 
mined. Fabric was treated with dimethylol cyclic 
ethylene urea and 10% catalyst and cured 3 min. at 
290° F. Similarly the melamine resin was applied 
to fabric at different solids levels using 10% catalyst, 
and cured at 330° F. for 3 min. Figure 20 com- 
pares the wrinkle recovery of CEU and TMM be- 
fore and after washing. The CEU-treated fabric has 
a higher initial wrinkle recovery than the TMM- 
treated fabric. After five cotton washes the CEU 
treatments have dropped nearly to the level of the 


washed TMM treatments. The loss of wrinkle re- 


covery of the melamine samples, as shown by the 


lowest curve, indicates a little less loss owing to 
washing. The tensile strength of the fabrics fol- 
lowed much the same pattern with the CEU treat- 
ments being slightly below the TMM-treated ma- 


2A cotton wash is standard A.A.T.C.C. Test Method 


14-53. 


terials. 
of the two treatments was essentially the same. 


After five cotton washes the tear strength 


Summary and Conclusions 


The work has shown that two different resins will 
give their optimum performance under different 
conditions of cure. Since they are different chemi- 
cally, it is reasonable to expect that such would be 
the case. 

Cure temperature, cure time, and catalyst amount 
have been investigated for a cyclic ethylene-urea 
resin and for a methylated trimethylolmelamine. The 
cure temperature has the most profound effect. 
Catalyst arrount has a mild effect particularly at low 
concentrations of resin solids but is of less impor- 
Time 
of cure above 1% min. (on 80? cotton) has no effect 
with either dimethylol cyclic ethylene urea or a 
methylated trimethylolmelamine. In 


tance above 10% catalyst on the resin solids 


other words, 
it should not be expected that an increase in catalyst 
or an increase in time of cure can completely offset 
performance losses suffered by operating at curing 
In addition, 
when these resins are properly cured on cotton fab- 


temperature recognized as borderline. 


ric, good durability of properties to washing is read- 
ily achieved. 
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A Theory of Flame-Retardant Finishes’ 


Irvin M. Gottlieb’ 


Abstract 


A survey of the newer flame retardants suggests a simple theory for their constitu- 


tion. 


The molecule should be water-insoluble to achieve durability in laundering. A 
solvent-soluble organic molecule is therefore proposed. 
should be present in the molecule to dehydrate catalytically the cellulose substrate. 
molecule should contain polymerizable groups to effect a permanency of finish. 


The ortho-phosphate group 
The 
The 


molecule should contain halogen or other groupings to reduce the flammability of the 


gases of decomposition. 


several treatments. 
discussed. 


Introduction 


Many empirical theories have been advanced to 
explain how a cellulosic substrate is made flame 
retardant [7, 2]. outlined in 
Table I. Both physical and chemical mechanisms 
have been proposed. The first of the physical theo- 
ries suggests that the flame retardant is decomposed 
by heat to form a glasslike coating on the individual 
fibers, which in turn serves as a barrier between the 


These theories are 


cellulose, the source of flame, and the oxygen of the 
air. The highly flammable tars of decomposition be- 
come entrapped in this solid foam and are not avail- 
able for further combustion reactions. Certain in- 
organic compounds, in particular, borax, boric acid, 
aluminum sulfate, and diammonium hydrogen phos- 
phate, as well as their mixtures, function in this 
manner. 


TABLE I. Theories for Flame Retardants 
A. Physical 


1. Glasslike coating—barrier—entrapment 

2. Evolution of noncombustible gases—dilution 

3. Absorption of heat—physical change in retardant 
B. Chemical 


1. Hydrogen bonding at high temperatures 


2. Catalytic dehydration of cellulose to carbon and water 


A second physical theory implies that some flame 


retardants for cellulose function by evolving large 
quantities of a relatively nonflammable, inert gas 


velopment Command, Natick, Massachusetts, and the Tex- 
tile Research Institute, Princeton, New Jersey. 
2 Staff member, Textile Research Institute, Princeton, N. J. 


The necessity to reduce this flammability is shown in anomalous 
results obtained with the Vertical-Bunsen test method. 


This is one of the failures of 


The influence of other factors such as fabric weight and finish is 


which serves to dilute the highly combustible atmos- 
phere surrounding the thermally decomposing sub- 
strate and to reduce its flammability. Retardants of 
this type are the inorganic carbonates and _ halides, 
the ammonium salts, and the hydrated salts. 

A third physical theory proposes that the mecha- 
nism of flame retardancy may be related to the ab- 
sorption of large quantities of heat by the retardant, 
owing to physical changes in its internal structure. 
This action by inorganic compounds is infrequent. 

Two chemical theories have been evolved to ex- 
plain the action of certain compounds as flame retard- 
ants for cellulose. The first of the theories utilizes 
the concept of hydrogen bonding. Anhydrides of 
the inorganic acids or of their acid salts possess high 
hydrogen-bonding activity. At flame temperatures, 
these inorganic residues are capable of attracting and 
holding together adjacent organic chains derived 
from the cellulose. This process would then tend 
to increase the average size of the fragments formed 
during thermal decomposition, which would in ef- 
fect increase the amount of solid char residue at the 
expense of the quantity of volatile, flammable tars. 
Flame retardants falling in this group are the inor- 
ganic sulfates, phosphates, and sulfamates. 

A second more recent chemical theory has been 
proposed by Schuyten, Weaver, and Reid, of South- 
ern Regional Research Laboratory. Their working 
hypothesis is summarized as follows [16] : 

1. Flame retardancy is caused by the catalytic de- 
hydration of cellulose through the reaction of the 
retardant carbonium ion 


with the cellulose via a 


mechanism. 
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2. The flame retardant may either be present or 


produced from a precursor at a temperature close 
to that of burning cellulose. 

3. The retardant must not be volatile in the tem- 
perature range of 300° to 500° C. 

4. The agent or its precursor must itself not burn. 

5. The retardant should be a Lewis acid or be ca- 
pable of forming one at the temperature of burning 
cellulose. 


Thermal Decomposition of Cellulose 


Renewed interest has centered about the thermal 
decomposition of cellulose and has resulted in changes 
in certain fundamental concepts. 
provided the following information. 


This research has 
When flame- 
retardant-treated cotton is subjected to thermal de- 
composition, at least three gross changes can be 
observed in the degradative pattern and in the prod- 
ucts of decomposition of the cellulose: (1) There 
will be an increase in the amount of volatile con- 
densable products. (2) The initial products of de- 
composition will appear at considerably lower tem- 
peratures. (3) The initial volatile products will be 
formed at an accelerated rate. At temperatures be- 
low 300° C., untreated cotton does not decompose. 
However, the flame-retardant- 
treated cotton can be observed at temperatures as low 
as 200° C, 
is slow, the condensate-to-char ratio is approximated 
at 3:2. At more rapid rates, this ratio is increased to 
4:1. 
produced as the rate of energy application is acceler- 
ated. Ata temperature of 300° C., flame-retardant- 
treated cotton decomposes about 25 times as rapidly 


decomposition of 


When the rate of applied thermal stress 


Therefore, more condensate and less char is 


as untreated cotton. The gases can be ignited by a 
lighted match held above the surface of the decom- 
posing substrate. However, it is important to note 
that the substrate itself is not burning. A layer of 
nonburning gases exists adjacent to the solid surface. 
The distance above the surface where the gases will 
become ignited will vary, a function of their nature, 
quantity, and flammability limit. 

Several factors prevent the gases from becoming 
ignited. In this situation they are being produced 
at an accelerated rate, contrasted to their evolution 
from untreated cotton, and as a result are too con- 
centrated in the vicinity of the flame to burn. As 
outward diffusion finally takes place, and when an 
optimum flammability ratio with atmospheric oxygen 


can be established, the mixture is too cool to become 
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ignited. In those cases when a bromine-containing 
flame retardant is used, the composition and there- 
fore the flammability limit of the gases are altered. 
The bromine-free radicals or the brominated hydro- 
carbon fragments may act as chain terminators and 
reduce the exothemicity of the reactions. The re- 
search of Esteve and the group at the University of 
Rhode Island [3], cited above, therefore shows that 
flame retardants can effect a remarkable change in 
the rate of evolution, the temperature of evolution, 
and the composition of the volatile components of 
thermally decomposing cellulose. 

In thermal decomposition the reaction rate at any 
temperature is dependent primarily on activation 
energies, which are characteristic constants related 
to the quantity of energy required to excite the in- 
dividual molecules so that they will react. In general, 
at any one temperature, the higher the activation 
energy, the slower the reaction. The addition of a 
catalyst which speeds up a reaction has the effect of 
Madorsky [11] 
used the technique of change in sample weight during 
thermal degradation to determine the activation en 
ergies of polymers. 


lowering the activation energy. 


An apparatus designed to meas 
ure the loss in weight of a system during heating, 
either under isothermal conditions or at a predeter- 
mined rate of change of temperature, is available un- 
der the trade name of “Chevenard Thermo Balance.” 
The first application of this apparatus and of these 
principles to the examination of the thermal degra 
dative pattern of flame-retardant-treated cotton was 
made by Miles at the Quartermaster Laboratories 
in 1954 [12]. 
unpublished data are shown in Figure 1. 
to 765° C. 


The behavior of the variously treated and 


Typical thermolysis curves from his 
The heat- 
ing range was from 25 at a rate of 2.5 


deg./min. 


A - Untreated 

B - THPC 

C - Be Pnosphonate 
D - Phosphonate 
E - Br. TAP 


WEIGHT 


1 
323 
TEMPERATURE 


Thermolysis curves of flame-retardant- 
treated cotton. 





TABLE Il. Formation of Volatiles 


Rate Conversion 


Tempera- (mg./min.) 
ture 


."<,.) I Il 


Untreated 276 14.6 0.6 

THPC 234 : 0.6 

Brominated 
phosphonate 

Phosphonate 

Brominated 
TAP 


F/R 


treatment 


234 3. 0.6 
240 3. 0.6 


188 3. 0.5 


of untreated cotton is summarized in Table II, and 
the following generalizations can be made. The rate 
of formation of the volatiles gradually increases un- 
til it reaches a maximum value which is the one 
given in these data. The volatile products are 
evolved at a rapid initial rate, followed by a second 
slower rate, applicable to both treated and untreated 
systems. This occurs at 340° C. for untreated cot- 
ton. The slow rate is the same for the differently 
proofed samples and may be associated with the oxi- 
dation of carbon. For the flame-retardant-treated 
materials the initial fast rate is about 10 times as 
rapid as its slow rate. For untreated cotton the fast 
rate is about 25 times as rapid as its slow rate. The 
temperature at which the volatiles are first formed is 
lower for flame-retardant-treated cotton than for un- 
treated cotton. This implies that flame retardants 
function catalytically to reduce the heat of activation 
of those reactions which produce volatiles. One of 
these reactions may be the destructive distillation of 
levoglucosan, as proposed by Esteve in 1954 at the 
Gordon Research Conference on Textiles. Further, 
the temperature at the volatiles are first 
formed, their rate of formation, as well as the tem- 
perature at which the substrate is converted into the 
slow-burning char, appear to be characteristics of 
the individual retardant. 


which 


The Halogen Effect 


Another concept of importance is the relative ef- 
fectiveness of the halogens in flame-retardant com- 
pounds. The first example is taken from the work of 
the investigators at the Southern Regional Research 
Laboratory [12], who prepared a series of sam- 
ples of cotton fabric treated with the following 
haloacetates: ammonium acetate 10% by weight, 
ammonium chloroacetate 15%, and ammonium bro- 


moacetate 21%. These samples contained approxi- 
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mately the same mole per cent of the halogen com- 
ponent. Weighed specimens were then decomposed 
on a hot plate, controlled at a predetermined tem- 
perature, for given intervals of time. At the end of 
the prescribed decomposition the specimens were re- 
moved, quenched in carbon dioxide, and reweighed to 
determine weight loss. 

Several interesting effects may be noted from the 
data at 400° C., shown in Figure 2. As is evident 
from curves A and B, the addition of ammonium ace- 
tate did not materially alter the thermal degradative 
pattern of cotton. For the first 20 sec. little difference 
can be noted by the introduction of chlorine as the 
chloroacetate (curve D). However, with an in- 
crease in time, the chloroacetate-treated fabric de- 
composed more rapidly than either the untreated or 
acetate-treated cotton. But, unlike the other decom- 
positions which proceeded to complete destruction, 
an equilibrium value for the amount of residual char 
was reached with the chloro derivative. These ef- 
fects were even more pronounced when bromine was 
present (curve C). The sample decomposed much 
more rapidly, the conditions of equilibrium were 
reached sooner, and were at a higher value for resid- 
ual char. 

Church, in his studies at Columbia University [2], 
prepared a series of samples impregnated with am- 
monium chloride, bromide, and iodide. The rela- 
tive effectiveness of these salts as flame retardants, 
at approximately the same add-on of compound and 


A - Untreated 

B -Ammonium acetate, 10% 

c- al bromoacetate, 21% 
D- chioroacetate, 15% 


100 


RESIDUE (%) 


°o 2040 60 80 100 


TIME (sec.) 


Fig. 2. Effect of the ammonium haloacetates on the thermal 


decomposition of cotton. 
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TABLE III. Relative Effectiveness of Ammonium Halides 


Vertical-Bunsen results 


Add-on 


wt. mole AF AG €2, 
Halide % (in. ) 


NH,Cl 11 
NH,Br 
NH,l 12 
NH.Cl 11 
NH,Br 
NHigl 24 


% (sec.) (sec.) 


0.21 63 0 BE 
0.10 0 
0.08 0 
0.21 63 
0.20 0 
0.17 0 


at equimolar add-on values, is shown in Table ITI. 
The specimens treated with ammonium chloride af- 
terflamed excessively in the Vertical-Bunsen test 
Samples treated with ammonium bromide showed no 
afterflame and gave reasonable values for length of 
char. No afterflaming, but some afterglow, was 
noted with the ammonium iodide treated specimens. 
The char length values were satisfactory. The 
From 
the same study he also showed that aniline hydro- 
chloride possessed 


striking effect of bromine is again to be noted. 


practically no flame-retardant 
properties when applied alone to cotton. When used 
synergistically with antimony trioxide, however, this 
material is very efficient. The efficiency of the com- 
bination is dependent upon the ratio of the two com- 
ponents. The optimum is obtained when the com- 
ponents are at the ratio value theoretically established 
for the formation of antimony oxychloride. The 
suggested add-on for satisfactory performance is 
greater than 20%. 

In contrast, aniline hydrobromide has definite 
flame-retardant qualities when used alone. <A zero 
value for afterflame is obtained at an add-on of about 
18%. When used in combination with antimony 
trioxide, a similar result is obtained with an add-on 
as low as 15%. 

The previously described use of thermolysis also 
yields data illustrative of the bromine effect. Fig- 
ure 1 and Table II show the thermolysis behavior of 
untreated cotton and cotton treated with an unbro- 


minated and with a brominated phosphonate-type 


flame retardant. With the brominated compound 
the temperature at which the volatiles first appear 
is lower than the values obtained for the other ma- 
terials. In addition, the initial fast rate of decompo- 
sition is somewhat slower, and the amount. of ma- 
terial converted into volatiles during this period is 
slightly less. 


From these and other data [17] it appears possible 
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to specify the efficiency of a flame retardant in terms 
of equilibrium char value at a given temperature or 
after a given decomposition time. 


Proposed Theory for Flame Retardants 


It is apparent at this time that it is both appropriate 
and necessary to alter the concept and meaning of 
the term “‘flame-proofing” as applied to cotton. The 
flame-proofing of cellulose is evidently a twofold 
heterogeneous process. The first part is associated 
with the catalytic decomposition of the cellulosic 
substrate. The second part of equal, if not of greater 
importance, involves the reduction of the flammability 
of the gaseous products of decomposition. As previ- 
ously shown, the flame-retardant molecule must con- 
tain a potential Lewis-type acid fragment which can 
form and be stable at the temperature of burning cel- 
lulose in order to dehydrate catalytically the cellulose 
in the direction of carbon and water, thereby flame- 
proofing the substrate. Such inorganic ions as sul- 
fate, phosphate, and borate are satisfactory for this 
purpose. Because the primary decomposition reac- 
tion is accompanied by the production of highly flam- 
mable tars, the retardant molecule must, in addition, 
contain a component which will reduce the flamma 
bility of the gases, to flame-proof the volatile prod- 
ucts of decomposition. 

It is well known that certain flame-retardant treat- 
ments, when applied to cotton fabrics, will yield 
satisfactory the Vertical-Bunsen test 
method of evaluation, yet specimens so treated will 


results in 


be completely consumed when ignited by a match. 
This behavior can be attributed to the ease of ignition 
of the gases formed during thermal decay. To rem- 
edy this situation, such chemical groups as bromine, 
chlorine, cyano, carboxy, and the haloalkanes should 
be structurally incorporated into the molecule of the 
retardant so that upon the application of heat they 
will be liberated gradually and thus reduce the flam- 
mability of the gaseous phase. 

Functional finishes for textiles fall into two major 
classifications: the additive finishes and the reactive 
finishes. These finishes may be water-soluble, sol- 
vent-soluble, or applied as aqueous emulsions and 
suspensions. Durability of finish is easily obtained 
with the reactive class, because any treatment which 
chemically modifies cellulose does it permanently. 
The phosphorylation and subsequent aminization of 
cellulose is a suggested flame-retardant treatment of 


this type. However, the problem of the stability of 
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the added group and its ion exchange potential, as 
well as the adverse effect of the treatment on fabric 
properties, cannot be overlooked. With the purely 
additive finishes, the problems of obtaining fastness 
and durability are acute. There are several methods 
by which durability can be obtained. The first 
method introduces and deposits well within the yarns 
a water-soluble inorganic agent or a solvent-soluble 
organic agent with a subsequent sealing-in by means 
of a resinous surface film. A second process in- 
volves diffusing into the yarns a reagent of such 
chemical structure that it can cross-link inter- and 
intramolecularly upon cure; thus enmeshing itself 
permanently within the structure of the fibrous sub- 
strate. The third means may be considered a physi- 
cal modification of the first and incorporates the re- 
tardant directly within the film-forming resin which 
is skin-coated on the surface. The fourth method in- 
volves the reaction within the yarn of a water-solu- 
ble retardant with a resinous base capable of cross- 
With these basic 
concepts, it is now possible to formulate a chemical 
structure with durable flame-retardancy potential. 
Many of the newer formulations are based on or- 
ganic phosphorus because of the recent rapid ad- 
vances in the development of such compounds as 


linking at curing temperatures. 


plasticizers, insecticides, lubricants, and nerve gases. 
To obtain the requisite durability of flame-retardant 
characteristics, water and dry-cleaning-solvent in- 
solubility are necessary. This may be achieved by 
the selection of a polyfunctional organic phosphorus 
molecule which contains such unsaturate groupings as 
allyl or vinyl, which are capable of undergoing in situ 
polymerization during the curing or setting operation. 
To aid in the reduction of the flammability of the 
gaseous decomposition products, some of the double 
bonds may be used to carry bromine. A compound 
so formulated with excellent flame and glow resist- 
ance, coupled with good resistance to laundering, is 
brominated triallyl phosphate. In this compound the 
phosphoric anhydrides formed on thermal decompo- 
sition act to flame-proof the cellulose substrate by the 
mechanism previously stated. This can be shown to 
be the case, for by chemical analysis the phosphorus 
is quantitatively recoverable from the char residue. 
The bromine functions to flame-proof the gases and 
can be quantitatively recovered from the gases, which 
verifies the proposed concept for its use. The allyl 
groups through polymerization function to insolu- 
bilize the compound and to introduce and hold bro- 
mine in the polymer molecule. The monomer is sol- 
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vent-soluble (ethylene dichloride), and the retardant 
can be applied using conventional wet finishing equip- 
ment. The compound functions with requisite dura- 
bility and satisfactory fabric properties at an add-on 
of about 15% on 8-oz. cotton fabric. The develop- 
ment of this compound by Quartermaster efforts was 
traced by McQuade in 1954 at the Gordon Research 
Conference on Textiles [10]. It is striking to note 
that triallyl phosphate is not a flame retardant. The 
brominated analog, however, is a very fine one. 
Séveral interesting modifications of this basic phil- 
osophy are possible. In lieu of the use of bromina- 
tion, bromine, or other chemical groups capable of 
reducing the flammability of the gases, can be intro- 
duced into the molecule by substituting an alkane 
group for one of the allyl groups. This alkane group 
is further substituted with halogen, cyano, or carboxy. 
A series of such compounds have been synthesized 
experimentally as flame retardants and are shown 
in Table IV. These compounds are structurally 
diallyl alkane phosphonates. The alkane chains are 
kept relatively short and contain no aromatic side 
groups in order not to provide additional fuel. The 
alkane groups used were chloromethane, cyanoethane, 
and carboxymethyl propane, which decompose at the 
temperature of burning cellulose to liberate the groups 
capable of reducing the flammability of the gases. As 
a further precaution, the compounds may be partially 
brominated using some of the available double bonds. 
These compounds are formulated according to the 
proposed theory for the construction of flame re- 


tardants. The cellulose substrate is attacked by the 


TABLE IV. The Diallyl Alkane Phosphonates 
H.C=CHCH:0 
H,C=CHCH;0 
CICH, 


Diallyl chloromethane phosphonate 
H.C==CHCH,0 
H.C—CHCH:0 

H;COCCCH, 

OCH; 


Diallyl 8-carboxymethyl propane phosphonate 
H2C=CHCH,0 
H.,C—=CHCH,0——SP==0 

N =CCH:2H2C 


Diallyl cyanoethane phosphonate 
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phosphoric anhydrides formed in pyrolysis, and the 
thermal decomposition is directed toward carbon 
dioxide and water. The gaseous phase is flame- 
proofed by the halogen, cyano, or carboxy constituent 
of the alkane group and in addition by bromine, if 
present. Other chain terminators may be considered, 
The liberation of 
large quantities of other inert gases in lieu of carbon 


possibly the oxides of nitrogen. 


dioxide may act to blanket the fire much as a fire ex- 
tinguisher. In these compounds, as well as in the 
pretotype triallyl phosphate molecule, the functional 
groupings within the organic molecule are so struc- 
turally located and arranged at such thermodynamic 
instability values, that upon the application of thermal 
stress, they are liberated to react with the cellulose 
and with the evolving gases. 

A chloroform addition product of triallyl phosphate 
has been synthesized [4], resulting in a solvent- 
soluble polymer suggested for use as a flame re- 
tardant. Fabrics treated with this material show 
good performance in the Vertical-Bunsen test. How- 
ever, specimens ignited with a match will be com- 
pletely consumed. This effect is due to the lack of 
sufficient halogen to render the gases nonflammable. 
To correct this situation, other chain transfer agents 
have been suggested for use instead of chloroform: 
the mixed halo-ethylene type compounds or the 
simple bromine-substituted methanes such as bromo- 
form. 

The principle of the urea-phosphate process for 
flame retardancy involves binding an inorganic acid 
fragment indirectly to the cellulose by resin conden- 
sation or by chemical combination [9]. Orthophos- 
phoric acid has been frequently used, but other 
phosphorus acids, such as amido phosphoric, have 
been uti‘ized. The nitrogen-base resin may be urea, 
The 


role of the nitrogen is to form a part of a cellulose- 


guanidine, dicyandiamide, melamine, or biuret. 
acid—nitrogen-base complex. This type of treatment 
is again based on phosphorus, insolubilized this time 
by the technique of auxiliary resin condensation 
rather than by incorporation into an organic mole- 
cule which contains unsaturate groups capable of 
cross-linking. 

The THPC process, developed by Reeves and 
Guthrie of the Southern Regional Research Labora- 
The 
treatment consists in the deposition within the yarn 
from aqueous solution of tetrakis -( hydroxymethyl) 
phosphonium chloride and methylolmelamine resin 
which form a cellulose-melamine-phosphate complex 


tory [14], is a recent interesting modification. 
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at the temperature of cure. The phosphorus for 
the catalytic attack of the cellulose has been insolu- 
bilized by a cross-linked resinous system and requi- 
site durability obtained. Similar in behavior to fab- 
rics treated with the triallyl phosphate—-chloroform 
copolymer, certain weights and types of cotton fab- 
rics, when the 
THPC resin, will show good performance in the 


treated with a bare minimum of 
Vertical-Bunsen Test, yet burn up completely when 
ignited with a match. This effect, first noted by 
Gould at the Quartermaster Laboratories [6], can be 
related to the flammable gases formed during thermal 
decay. No easily liberated bromine is present in the 
formulation to reduce the flammability of the gases. 
In addition, in this case, the situation may be fur- 
ther complicated by the possible presence of highly 
combustible phosphine oxides formed by the decom- 
position of the phosphonium chloride itself. There- 
fore, whenever possible the phosphorus should be 
present in the retardant molecule in an oxygenated 


state to avoid volatile flammable by-products. 


The Vertical-Bunsen Test Method 
The reasons why the Vertical-Bunsen test method 
does not pick up this deficiency inherent in certain 
This 


procedure has been used extensively since 1938 for 


flame-retardant treatments are quite simple. 


the evaluation of the flame-resistant characteristics 
of treated textiles and is described in ASTM Method 
D626-41T. The method involves the application of 
a 114-in. controlled flame for a period of 12 sec. to 
the narrow edge of a 2%- by 10-in. vertically posi- 
tioned fabric specimen, enclosed in a cabinet in order 
to eliminate drafts. The fundamental parameters of 
flame retardancy, namely, time of afterflame, time of 
afterglow, and length of char, are recorded [18]. 
Visual observations, made during the testing of 
specimens treated with either THPC or with the 
triallyl phosphate—chloroform copolymer, indicate 
that the gases coming from the thermally decompos- 
ing samples are actually burning during the first 5 
How- 
ever, by the end of that time the gases have been 
completely dissipated by oxidation or removed ver- 
If the time 
of flame application in the Vertical-Bunsen test is 
therefore reduced from 12 to 5 sec. or less, the burn- 


ing gases will be present, become ignited, and feed 


sec. of the 12-sec. flame-application period. 


tically by the hot convection currents. 


back to the test specimen to destroy it completely. 
Preliminary laboratory data, illustrating this effect, 
are shown in the graphs of Figure 3. 





LENGTH OF CHAR (in) 


oe 2 3-2 &. & 
TIME OF EXPOSURE (sec.) 


6 6e@eo0 eh 
TIME OF EXPOSURE (sec) 


Fig. 3. Effect of change in time of flame application on 


flame-retardancy characteristics. 


There is no reason why these treatments cannot be 
improved. Figure 4 shows a schematic diagram of 
the THPC process. There are at least four ways of 
solving the problem by the simple expediency of 
using bromine to reduce the flammability of the gases. 
The first method would consist of introducing bro- 
mine atoms directly into the THPC molecule in 
place of one or more hydroxyl groups forming mono-, 
di-, or tri-brom-methyl derivatives. It is important 
to note that all four hydroxyl groups should not be 
replaced inasmuch as they function to react with the 
auxiliary melamine resin of the treatment. A second 
method would make use of a brominated nitrogen 
base resin in conjunction with the unaltered THPC 
molecule. Both of these methods involve a chemical 
modification of one of the reactants. Two additional 
methods, both physical in nature, are possible. One 
method would incorporate a compatible bromine- 
containing compound directly into the treating bath. 
The second, less desirable for practical reasons, in- 
volves the use of such a compound as an after treat- 
ment. The bromoform adduct polymer [5], devel- 


oped by Frick, Weaver, and Reid at the Southern 


Regional Research Laboratory, may be applicable 


for use in these latter cases. This treatment is in 


the form of an aqueous emulsion prepared by react- 


methylolmelamine-2 

(CH,OH),PCI + urea > Cellulose- THPC- Resin 
1 etc. 4 

3 


Jse Br-THPC 
Ise Br-Resin 
Ise Br-Compound 


‘se Br-Adduct 


Suggested methods for improving the 
THPC process. 
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ing bromoform with triallyl phosphate. In the sug- 
gested synergistic use, the ratio of adduct to THPC 
should be kept low, otherwise there will be no neces- 
sity in the use of the THPC treatment at all. 

With the chloroform-triallyl phosphate copolymer, 
the previously suggested use of bromine-containing 
chain terminators may be a solution to the problem. 

A recent paper [1] has announced the synthesis 
in good yields of the monovinyl esters of pentavalent 
phosphorus acids by the reaction of completely esteri- 
fied acids of trivalent phosphorus containing at least 
one alkyl ester group with alpha halogenated alde- 
hydes, ketones, and some carboxylic acid esters and 
amides. These compounds may be classified as 
vinyl phosphates, vinyl amidophosphates, or vinyl 
phosphonates. The reactants consist of such com- 
pounds as chloroacetone, chloroacetaldehyde, and 
ethyl trichloroacetate. The resulting compounds ap- 
pear to be synthesized in conformity with the pro- 
posed theory for the formulation of flame retardants. 
Perhaps the activity of these compounds as flame 
retardants could be enhanced if the corresponding 
bromo-analogs were prepared. 

The literature [15] reports the successful syn- 
thesis and polymerization of monomeric vinyl esters 
of the type R—SO,CH=CH,. 
Again based on theory, if the —SO,— group, a 
known dehydrating agent, can function in lieu of the 
—PO,— grouping, bromination and polymerization 


of sulfonic acids 


of these compounds may yield materials with good 
flame-retardancy characteristics. 


Practical Application of Theory 


To emphasize further the potential hazard of the 
gaseous products of thermally decomposing céllulose, 
a departure from theory for a discussion of a practi- 
cal situation is necessary. 

In 1951, the Quartermaster Research and Develop- 
ment group requested the Underwriter’s Laboratory 
This 
shelter was designed primarily for arctic use and 
is similar in shape to a Quonset hut except that 
instead of corrugated metal, a blanket of material is 
The blanket consists of 
an inner filler of resin-bonded fiber glass batting, 


to evaluate one of its experimental shelters. 


thrown over its rib frame. 


covered on both sides by a flame-retardant-treated 
9.85-0z. duck. For test pur- 
poses, a waste paper basket filled with 2 lb. of 


resin-coated cotton 
shredded newspaper, placed in a corner of the shel- 


Within 


ter, was used to simulate an interior fire. 
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Fig. 5. Results of the Underwriter’s Laboratory fire test. 


flames. 
A second test 


45 sec. the entire shelter was filled with 
The results are shown in Figure 5. 
in 1952 gave similar results. The fabrics used in 
the shelters were evaluated in the laboratory and 
were found to conform to the requirements of the 
Vertical-Bunsen test method, as defined by ASTM 
and other organizations. 

To explore this problem to determine reasons of 
cause [8], a quarter-scale model of the shelter was 
constructed. A basket containing 4, lb. of shredded 
newspaper was placed between arches 3 and 4, as 
near to the fabric as possible. This proportion of 
fuel to structure corresponded to the suggested stand- 
ard of the Underwriter’s Laboratory. A variety of 
samples of 9.85-oz. cotton duck, vinyl resin-coated, 
light green in color, fire- and mildew-resistant, were 
used as blankets, as shown in Figure 6. In addition, 


a sample of 9.85-0z. cotton duck, treated with a 242- 


Fig. 6. Blanket ensemble positioned for evaluation. 


TABLE V. Laboratory Results 


Vertical- Columbia 
Bunsen 45° 
char length 
(in.) 


Fabric 
code 
FWW MRT 


» 


char area 
(cm.) 


— Sa ie Ge ee 


—e Nh Nm hb Ww 
= 


~ 


type FWWMR finish, was secured for comparative 


purposes. In order to observe the propagation and 
behavior of the flame, primarily as related to design 
concepts, without the influence of escaping decompo- 
sition products from the cellulose and from the fin- 
ishes present, aluminum foil was included in the 
survey. Preliminary study of the problem had led 
to the tentative theory that the excessive damage to 
the blanket ensemble could be attributed either indi- 
vidually or collectively to the products of decomposi- 
tion from the fabric and finish or to the curvature in- 
herent in the design of the tent, which might cause 
the flame to be propagated along the arches, as shown 
in Figure 7. The use of the aluminum foil demon- 
strated that without the presence of volatile flam- 
mable materials to serve as a pathway, the flame was 
The 


volatiles were being trapped in the closed shelter, 


not propagated along the arches. flammable 
serving as a source and pathway of additional fuel 
This factor of volatility 
is further substantiated by the fact that these fabrics 


for combustion purposes. 


showed satisfactory and similar flame-retardant 


characteristics in the Vertical-Bunsen test. These 


data are shown in Table V. As previously indicated, 


Fig. 7. Effect of curvature on flame propagation. 





TABLE VI. Field Test Results 


Fabric 
code 


FWWMRT 


Area of 
damage* 


12.0 
6.0 
6.5 
7.0 


* Relative values; correspond to char length (cm.) in test 
photographs. 


this method allows for the escape of the volatile de- 
composition products. Consequently, with no en- 
trapment, ignition is not possible, and the apparent 
flammability of the fabric-finish combination is not 
readily detected. No correlation was obtained in the 
performance of these materials in the field with their 
performance in the Columbia 45° Test. The results 
obtained with this test method, however, are more 
discriminatory and yield different performance levels. 
In this method some entrapment of volatiles can oc- 
cur. The vinyl resin-coated fabrics may be ranked 
from good to poor in performance, as determined 
by the area of damage measured on the photo- 
graphs of the specimens after test. The performance 
of the FWWMRT duck shown in Figure 8 can be 
considered very good. 

The results obtained with typical samples of resin- 
coated duck are shown in Figures 9 through 12. In 
the latter cases the effect of arching by the flame due 
to curvature is very pronounced. 
tabulated in Table VI. 

Because of the nature of the results obtained from 
these preliminary studies, it was felt advisable to ex- 
plore the pyrolysis behavior of the materials in the 
laboratory. This task was performed by Esteve and 
at the University of Rhode Island [4]. 


These data are 


the group 


260° C. 


Char Tar 
(%) (%) 
Untreated 78 1 0.01 

FWWMRT 59 0.12 

48 0.14 

51 10 0.19 

50 12 0.23 

49 14 0.27 

49 13 0.26 

46 13 0.26 


Fabric 
code 


Ratio 


TABLE VII. Pyrolysis Data 
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The amounts of tar and char resulting from pyroly- 
sis were determined in order to ascertain if any corre- 
lation exists between the tar-char ratio of the fabrics 
and their performance under field test conditions as 
The tar-char ratios 
were obtained at temperatures approximating those 
obtained in the field. 


measured by area of damage. 


These data are shown in Table 
VII. The results of pryolysis experiments at 260° C. 
and chlorine analyses were most informative and in 
good agreement with field test data. In general, 
those samples which contained the higher percentage 
of chlorine in the finish and showed the lower tar-char 
ratio performed better in the simulated field test. 
In other words, the fabric-finish combination which 
yields the smaller quantity of tars will be better in the 
field, and those fabrics showing poor performance in 
the field generally will yield a higher percentage of 
tars in the laboratory. In this case, the design of the 
shelter caused an entrapment of the flammable tars 
When de- 
sign is a factor, laboratory methods for research pur- 


There 


is a potential danger in the indiscriminate use of the 


which become hazardous, as indicated. 
poses must detect and rule out such finishes. 


Vertical-Bunsen test method or any one test in the 
evaluation of flame-retardant characteristics of mate- 
rials for diversified end-use situations if the method 
does not reflect the use. 


Principles of Test Methodology 
The degree of flame resistance and accordingly, 
the degree of protection afforded by a combination of 
fabric and finish, can be described in terms of a func- 
The first 
variable is reflected in the quantity of heat liberated 


tion of at least two independent variables. 


from the source of fuel from which protection is 
sought. The second variable is related to the fabric- 
finish combination used This latter 


variable may be further subdivided into two factors. 


in the item. 


400° C. 


Char 
(%) 


Chlorine 
(%) 


Tar 
(%) 
22 19 
41 15 
33 12 
35 20 
35 21 
35 21 
35 21 
34 21 


Ratio 


0.86 
0.36 
0.37 
0.56 
0.61 
0.60 
0.60 
0.60 
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Fig. 12. Test result with resin-coated cotton duck. 


Fig. 8. Test results with FWWMER-treated cotton duck. 
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Fig. 13. Effect of fabric weight on ignition time. 
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Figs. 9-11. Test results with resin-coated cotton duck. Fig. 14. Effect of finish on flame-retardancy characteristics. 
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The first factor takes into account the weight, con- 
struction, and chemical nature of the base fabric. 
The second factor is related to the chemical nature 
and quantity of flame retardant 

Supporting laboratory data can be found in an 
article by Quehl [13], which states in part that if a 
textile fabric is brought into contact with a constant 
flame, a definite time for ignition will be required 
before it can continue to burn by itself. These data 
are given in Figure 13. The time necessary for ig- 
nition increases as the fabric becomes heavier and 
more closely woven. Therefore, the behavior of 
textile fabrics differs even before application of fin- 
ish. Inflammability therefore depends not only on 
the type of raw material (natural, synthetic, or re- 
generated ) but also on the construction of the fabric 
(heavy or light quality, tightly or loosely woven). 

The effect of finish on flame retardancy is shown 
in Figure 14. 

The conditions under which the evaluations are 
carried out in the laboratory should, therefore, take 
into consideration the following three factors: (1) 
the characteristics of the base fabric, (2) the nature 
of the fuel source used to ignite the fabric, and (3) 
the specific demands which the fabric would satisfy 
in use.’ If the evaluation is carried out under too 
stringent or lax conditions and these factors are not 
taken sufficiently into consideration, the results ob- 
tained will always give incorrect indications of the 
effectiveness of a fabric-finish combination. 


Conclusions 


Amazing progress has been made in the field of 
flame retardancy, and this has been possible only 
through the integrated cooperation of such diversi- 
fied interests as industrial, university, and govern- 
mental laboratories. As a result the Quartermaster 
is closer in reaching one of the objectives in its re- 
search program—to discover how flame retardants 
function and how the property of flame retardancy 
can be built into a chemical molecule. The task is by 
no means complete; the surface has been merely 
nicked for cotton. The other fibers, especially the 
synthetics, should be intensively investigated by a 
similar systematic method in order to obtain the re- 
quired fundamentals of their thermal behavior. The 
synthetic organic chemist, with the help of an ex- 
pert in thermodynamics and polymerization, can now 
go to a blackboard, design a structure, and return to 


the laboratory bench to synthesize the flame retardant 
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in the same manner as has been successfully fol- 
lowed in other fields. The molecule with correct 
functional groupings for flame retardancy can now 
be hand-tailored. 

However, two closely associated aspects are lag- 
ging far behind. One is applications research. It 
may be necessary to modify both processing tech- 
niques and procedures to obtain the maximum bene- 
fits from these newer treatments. The finish should 
command the situation, not the fabric or the equip- 
ment. The second is methodology of testing, both 
for control and research purposes. Test 
The few available meth- 
ods are being overworked and, what is just as bad, 
overstandardized. 


methods 
have been sadly neglected. 


It may be necessary to go back to 
the field to secure new parameters to be reflected in 
new laboratory methods and procedures. 


It may be 
advisable to burn a few more tents or some drapes 


and garments in order to get the information that will 
place instruments and measuring devices on a sound 
basis. The test apparatus must be designed to re- 
flect the finishes and the fabrics as well as ultimate 
usage. One test may not be sufficient to cover all 
situations ; more realistic. They 
should be kept simple in operation, informative, and 


with a potential “yes” or “no” answer. 


several tests are 
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Book Reviews 


Directory of Commercial and College Testing 
Laboratories. Philadelphia, Pa., Society for Test- 
ing Materials, 1955. 48 pages. Price, $1.00. 

This useful directory is successor to a similar di- 
rectory published in 1947 by the National Bureau 
of Standards. Designed to be of assistance to pur- 
chasers not equipped to make their own tests, it will 
also be of value to small manufacturers and others 
seeking testing laboratory services. Research and 
consulting laboratories are not listed unless they also 
are engaged in testing on a commercial basis. 

An attempt has been made by A.S.T.M. to make 
an accurate and complete listing of laboratories, both 


college and commercial, by collecting signed state- 


ments from responsible officers of the laboratories 
listed. Information is given concerning 278 com 
mercial testing laboratories and their 151 branches. 
Also there are listed laboratories of 86 colleges that 
are prepared to do testing under certain conditions. 

The commercial and college laboratories are sepa 
rately carried under a geographic listing by states. 
A two-column format is employed, the left-hand 
column containing the name and address of the 
laboratory and the right furnishing by means of 
numbers and symbols the type of commodities tested 
and the nature of the tests for which 


available. 


facilities are 
Designed to give a maximum of informa 
tion in a minimum of space, this directory should find 
wide use. 
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The Chemistry of Synthetic Dyes and Pigments. 
ACS Monograph No. 127. Edited by H. A. Lubs, 
Organic Chemicals Department, E. I. 
Nemours and Company. 
New York, 1955. 


du Pont de 
Reinhold Publishing Corp., 
XIV + 733 pages. Price $18.50. 


Reviewed by 
Howard J. White, Jr. and Ludwig Rebenfeld, 
Textile Research Institute, Princeton, N. J. 


The success of this book was guaranteed by the 
circumstances of its birth. Editor Lubs had at his 
disposal a staff of colleagues, expert in the many 
facets of dye chemistry, to assist in the preparation 
of the book. The end of World War II and the sub- 
sequent investigations of German industry by Ameri- 
can and British technical teams made available to the 
public much information which previously 
tightly compartmentized by industrial secrecy. The 
reports of these teams could thus serve the authors 


was 


as a source of new information and (perhaps more 
important) a public reference for facts previously 
acquired from confidential sources. Finally, as is 
apparent to anyone who has had cause to interest 
himself in dyes, dye chemistry, or dye structure, the 
need for a comprehensive book on dye chemistry is 
great. Under the circumstances, praise of this fea- 
ture or grumbling about that one by a reviewer is of 
very little consequence. 

The book consists of two chapters on the organic 
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chemistry of dye intermediates, nine chapters on the 
chemistry of various classes of dyes, separated ac- 
cording to structure rather than use, a chapter on 
color and composition, a list of common names for 
intermediates, and a critical bibliography. The treat- 
ment of each subject is, of necessity, simple and 
brief, although fairly complete judging from the sec- 
tions in which the reviewers felt themselves com- 
petent. Individual chapters and in many cases sec- 
tions of chapters have their own bibliographies, and 
the bibliographies carry extensive references to 
BIOS and FIAT reports which are thorny ground 
for the average reader. The latest references usu- 
ally date from 1952 or 1953. A 
which the reviewers found highly 
critical bibliography covering each 


special feature, 
desirable, is a 


of the chapter 
references. A 
feature which might add a great deal to the book 
with little additional effort would be a brief chapter 
classifying the various dyes according to the types 
of fibers for which they have greatest substantivity. 


headings and also giving general 


Such information is often given in the course of dis- 
cussion of the different chemical types, but gathering 
it into one place would provide a valuable cross- 
indexing, especially for readers who are not ex- 
perienced practical dyers and for readers who are in- 
terested in the important problem of the relation of 
substantivity to structure. 

This book is a necessity for any library or worker 
interested in the organic chemistry of dyes. 


Correction 
December 1955 TRJ 


In the article “Cellulose Studies. 


art XX. Comparison of Polymolecularity 


of Celluloses Degraded by Acid Hydrolysis and by Alkali Aging,” by Yves Sieg- 


wart, Ludwig Rebenfeld, and Eugene 


-acsu, the last sentence in column 1, page 


1001, should read as follows: “Recently degradation of cellulose has been shown 
to take place by ultrasonic radiation [9], and molecular weight distribution curves 
for cellulose degraded by ultraviolet radiation have been reported by Page [7].” In 


the December issue this sentence read incorrectly “. . 


” 


. degraded ultrasonically 











